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INTRODUCTION 


The  SAS  computer  model  was  developed  by  JAYCOR  to  assist  In  the 
evaluation  of  survivability  and  security  of  weapon  movement  within  the  TNF 
(Theater  Nuclear  Forces).  In  performing  this  work,  it  was  quickly  discovered 
that  many  scenarios  involved  both  security  and  survivability  considerations. 
The  interplay  between  security  and  survivability  was  often  so  tightly  knit 
that  analysis  of  the  two  factors  independently  would  not  provide  a  realistic 
solution.  For  example,  consider  the  case  of  a  ground  movement  scenario  which 
involves  the  attack  on  a  ground  convoy  by  a  land  based  special  operations  team 
(SOT).  The  objective  of  the  SOT  is  to  destroy  or  inflict  sufficient  damage  to 
the  weapons  being  transferred  as  to  render  them  inoperative. 

Survivability  models  have  been  developed  which  will  evaluate  the  damage 
delivered  to  these  weapons  from  sustained  direct  or  indirect  fire.  Likewise, 
security  models  will  enable  the  analyst  to  evaluate  the  number  of  defense  and 
attack  personnel  incapacitated  during  engagement.  Unfortunately,  in  our 
investigation  of  available  computer  models  used  to  solve  problems  of  this 
nature,  we  were  unable  to  locate  a  model  which  would  adequately  combine  the 
aspects  of  security  and  survivability  in  a  realistic  manner. 

In  general,  security  models  simulated  force-on-force  engagement 
encounters,  concentrating  on  attack  force  personnel  firing  at  defense 
personnel  and  vice  versa.  We  were  unable  to  find  a  security  model  which  could 
evaluate  personnel  firing  at  a  combination  of  "material"  type  targets  and 
"personnel"  type  targets. 

Survivability  models  which  were  investigated  permitted  analysis  of  both 
material  and  personnel  type  targets;  however,  they  did  not  allow  for 
modification  in  defense  force  or  attack  force  strategy.  Realizing  these 
deficiencies,  an  attempt  was  made  to  develop  a  methodology  which  would 
integrate  necessary  components  of  survivability  and  security,  providing  damage 
analysis  for  both  material  and  personnel  targets,  as  well  as  allowing  the 
analyst  to  modify  defense  and  attack  force  strategy.  The  methodology  to 


combine  both  key  survivability  and  security  concerns  has  been  developed  and 
Implemented  Into  a  computer  model  called  SAS  (Stand-Off  Attack  Simulation). 

The  objective  of  this  report  is  to  familiarize  the  reader  with  the 
methodology,  use,  and  potential  application  of  the  SAS  computer  model.  SAS 
analysis  methodology  is  described  in  Section  1.  This  section  also  includes  a 
description  of  specific  areas  of  model  application,  a  discussion  of  the 
advantages  and  disadvantages  of  the  modeling  technique  used,  and  a  list  of 
possible  Improvements  to  the  model  which  would  simplify  data  input,  Increase 
simulation  detail,  and  expand  the  areas  of  possible  model  application. 

A  summary  of  input  required  to  execute  the  SAS  model  is  presented  in 
Section  2. 

Section  3  describes  an  example  scenario  in  detail.  This  scenario  will  be 
used  to  Illustrate  a  possible  application  of  the  SAS  model  and  step  the  user 
through  an  example  execution.  All  input  data  is  described  in  the  text  and 
examples  of  simulation  output  is  included.  The  usefulness  of  SAS  output  data 
is  best  illustrated  through  an  example  such  as  that  provided  in  Section  3. 

For  this  reason,  this  section  also  contains  a  description  of  the  type  of 
output  data  generated. 

Section  4  contains  a  terminal  session  description  for  the  example 
scenario  outlined  in  Section  3.  This  section  steps  the  user  through  the  SAS 
execution  of  the  example  scenario,  illustrating  the  interactive  questions  used 
to  obtain  input  data  and  the  format  used  to  enter  input  data  in  response  to 
each  question  type. 

Appendix  A  contains  sample  standardized  input  data  forms  which  are  used 
to  describe  the  details  unique  to  a  particular  analysis.  Following  the  blank 
data  forms  are  completed  forms  showing  all  data  required  to  perform  execution 
of  the  example  scenario  described  in  Section  3. 

Appendix  B  provides  a  description  of  the  SAS  model  flow  structure.  Also 
Included  are  descriptions  of  the  expected  storage  requirements,  operating 


system,  source  language  used,  and  description  of  the  computer  system  on  which 
the  code  is  currently  installed. 

Appendix  C  contains  a  fully  documented  code  listing  of  the  SAS  model, 
including  all  subroutines  used  (excluding  system  furnished  routines)  and  the 
INCLUDE  file.  The  INCLUDE  file  contains  parameter  values  which  define  the 
size  of  arrays  and  constants  used  within  the  SAS  model. 

Appendix  D  contains  additional  mathematical  detail  not  provided  in 
Section  1. 
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SECTION  1 


ANALYSIS  METHODOLOGY 


1 . 1  BACKGROUND 

SAS  is  a  two-dimensional  simulation  engagement  model.  Engagements 
involve  the  analysis  of  opposing  force  personnel  and  may  include  damage  to 
selected  material  targets  if  desired.  Attack  force  personnel  and  material 
targets  are  assumed  to  lie  in  a  geometric  plane  parallel  to  the  plane 
containing  defense  personnel  and  material  targets  (Figure  1.1).  Movement  of 
personnel  and  material  targets  is  permitted  during  the  simulation  provided  all 
movement  is  in  either  a  horizontal  or  vertical  direction  within  the  respective 
attack  and  defense  force  plane.  The  sizes  of  personnel  and  material  targets 
are  governed  by  the  vulnerable  cross-sectional  area  of  the  target  as  viewed 
from  the  opposing  plane.  Targets,  either  of  personnel  or  material  type,  are 
described  In  terms  of  rectangular  shapes.  Target  position  is  specified 
relative  to  a  fixed  origin  by  x  and  y  coordinate  values  corresponding  to  the 
lower  left-hand  corner  of  the  rectangular  target. 

Attack  or  defense  force  fire  is  directed  toward  aim  points  located  in  the 
opposing  force  reference  plane.  Aim  points  are  generally  located  in  the 
center  of  an  opposing  target;  however,  they  need  not  be  directly  related  to 
any  target  nor  appear  within  any  opposing  target  area.  This  flexibility 
permits  SAS  to  simulate  "scattered"  weapon  fire  from  either  attack  or  defense 
force  personnel. 

1 . 2  MODELING  TECHNIQUE 

The  model  uses  Monte  Carlo  sampling  techniques  to  determine  the 
probability  a  given  target  is  hit  by  opposing  weapons  fire.  To  obtain  the 
probability  that  a  player,  firing  at  a  particular  aim  point,  may  hit  a 
particular  target,  a  given  number  of  shots  are  fired  by  the  player  at  the  aim 
point.  The  number  of  times  the  target  is  hit  is  divided  by  the  total  number 
of  shots  fired  (refer  to  Figure  1.2).  Once  probabilities  of  target  hit  have 


Personnel  and  Material  Targets. 


P(Target  is  hit)= 


Number  of  shots  hitting  target) 
Total  number  of  shots  fired 


=  =  .33,  for  this  example. 


where, 

r  -  Defines  the  radius  of  a  circle  around  the  aim  point  within  which  one- 
half  of  all  shots  fired  are  expected  to  land  . 

*  -  Denotes  a  sample  hit  point  selected  at  random. 


Figure  1.2  Monte-Carlo  Techniques  Used  to  Evaluate  Probability  of  Hit 
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been  determined  for  all  possible  players,  aim  points,  and  targets,  these  hit 
probabilities  are  used  to  modify  the  probability  that  a  particular  target  will 
still  exist  with  time.  An  event  scheduling  array  is  maintained  which  allows 
SAS  to  identify  the  next  event  to  occur.  An  "event”  can  be  any  one  of  the 
following: 

•  a  player  may  be  selected  to  fire; 

•  a  player  may  select  a  new  weapon  to  fire,  or  the  firing  rate  of 
the  player's  weapon  may  be  modified; 

•  an  aiming  delay  may  be  specified  before  a  particular  player  may 
fire  his  next  round; 

•  a  player  or  target  may  stop  or  start  moving  in  a  different 
direction; 

•  the  strategy  of  a  particular  player  may  change  (i.e.,  a  modified 
set  of  aim  points  may  be  selected  for  a  particular  player); 

•  the  cover  provided  a  target  may  change. 

Strategy  for  attackers  or  defenders  is  defined  by  assigning  a  set  of  aim 
points,  which  are  ordered  by  priority  for  each  attacker  or  defender  Involved 
in  the  simulation.  The  probability  that  an  attacker  will  continue  to  fire  at 
a  specific  aim  point  is  proportional  to  the  probability  that  the  primary 
target  associated  with  that  aim  point  is  not  destroyed. 

SAS  begins  by  computing  probabilities  of  target  hit  by  use  of  Monte  Carlo 
techniques  for  each  possible  combination  of  firer,  aim  point,  and  target. 

These  probabilities  are  stored  in  a  three-dimensional  array,  denoted  by 
**NF  NAM  NT  maximum  number  of  firers,  NAM  is  the  number  of 

possible  aim  points,  and  NT  is  the  number  of  possible  targets.  Pj  .  i, 
contains  the  probability  firer  i  fires  at  aim  point  j  and  hits  target  k. 


In  order  to  compute  each  P 


l.j.k’ 


a  specified  number  of  shots  are  fired  at 
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aim  point  j.  Each  shot  fired  Is  assumed  to  follow  a  Rayleigh  distribution 
with  an  aiming  error  defining  the  flrer's  accuracy.  The  Rayleigh  distribution 
function  is  given  by; 


where  r  Is  the  distance  from  the  aim  point  and  is  the  probability  that  the 
shot  fired  lands  within  a  circle  of  radius  r  centered  around  the  aim  point. 

For  purposes  of  the  SAS  model,  aiming  error  is  defined  as  the  radius  of  a 
circle  in  which  one  half  of  the  shots  fired  are  expected  to  land.  The  "hit 
point"  of  each  shot  within  the  opposing  force  reference  plane. is  expressed  by 
X  and  y  coordinates  relative  to  the  reference  plane  origin.  To  generate  x  and 
y  coordinates  from  the  Raleigh  distribution,  uniform  random  variables  are 
generated.  These  uniform  random  variables  are  then  transformed  to  normal 
random  variables  having  mean  (1=0  and  variance  0’=.8493r.  The  variance  a, 
expressed  as  a  function  of  r,  is  used  to  insure  that  the  expected  probability 
of  a  shot  landing  within  r  distance  of  the  aim  point  is  0.5.  Refer  to 
Appendix  D  for  the  detailed  description  of  how  random  variables  are  generated 
from  the  Raleigh  distribution. 

Factors  which  effect  aiming  error  are  divided  into  four  categories: 
mechanical,  environmental,  human,  and  "other".  Mechanical  factors  would 
Include  the  weapon  bench  CEP,  amount  of  weapon  recoil,  anomalies  in  the 
sjnmnetrlcal  weight  of  the  round  fired  and  the  trueness  of  the  bore  of  the 
weapon  barrel,  for  example.  Wind  (which  could  effect  projectile  flight),  the 
degree  of  darkness  (l.e.,  daylight,  dusk,  twilight,  etc.),  fog,  terrain,  or 
smoke  (which  could  reduce  the  probability  that  the  firer  selects  the  proper 
aim  point  at  which  to  fire)  would  be  considered  as  environmental  factors. 

Human  factors  would  Include  the  amount  of  training  the  firer  has  had,  the 
recency  of  training,  and  the  effects  of  stress  on  the  individual. 

Other  factors  which  affect  aiming  error  Include: 

•  the  amount  of  time  available  to  the  firer  to  aim  between  rounds 


•  the  degree  of  which  either  the  firer  or  the  target  is  moving, 

•  possible  target  camouflage, 

•  distance  between  firer  and  target, 

•  firer 's  weapon  type. 


•  maximum  effective  range  of  weapon. 

SAS  uses  deterministic  techniques  to  combine  the  target  hit  probabilities 
generated  by  Monte  Carlo  methods  into  the  probability  a  certain  target  exists 
after  N  seconds  have  elapsed  from  the  start  of  the  simulation.  The 
probability  that  a  given  set  of  targets  exists  with  time  can  be  combined  to 
yield  the  expected  number  of  targets  destroyed  with  time. 


SAS  maintains  a  one-dimensional  array  which  contains  the  probability  that 
each  target  involved  in  the  simulation  exists  with  time.  The  probability  of 
existence  for  a  given  target  is  modified  whenever  a  member  of  the  opposing 
force  is  selected  to  fire  and  may  either  hit  the  target  directly  or  inflict 
damage  to  the  target  collaterally.  If  a  firer  is  selected  to  fire  and  may  hit 
the  target  directly  or  indirectly,  the  probability  that  the  target  exists 
after  the  firer  fires  his  first  shot  is  modified  by  the  probability  that  the 
target  is  not  destroyed  by  the  firing  event.  Let  =  P(the  target  exists 
before  firing  event  occurs).  For  the  direct  hit  situation,  P^g  is  computed 
to  reflect  the  probability  that  the  target  still  exists  after  the  firing  event 
occurs  as  follows: 


,t+l 

TE 


^te^^’~^as^fe*’th^ 


where : 


P,j,g  =  Probability  target  exists  after  shot  is  fired. 
P^  “  Probability  target  exists  before  shot  is  fired. 

TEi 
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P^g  =  Probability  that  this  particular  aim  point  is  selected. 

P  »  Probability  that  the  firer  still  exists  to  fire  (l.e.,  the 

FE 

probability  that  this  firer  has  not  been  destroyed  previously). 

P  =  Probability  that  the  target  is  hit  given  the  firer  fires  at  the 

TH 

particular  aim  point. 

Recall  that  the  probability  a  given  target  (i)  is  hit,  assuming  a  particular 
firer  (j)  fires  at  a  particular  aim  point  (k),  has  been  computed  previously 
and  is  stored  in  P  ...  P™„  may  be  replaced  by  P  ,  ,  when  referlng  to  a 

specific  target,  firer,  and  aim  point. 

The  variables  enclosed  in  parentheses,  l.-P  P  P  ,  represent  the 

AS  r  E  1 H 

probability  that  the  target  is  not  destroyed  by  this  shot.  Thus,  the 
probahillty  the  target  exists  after  the  shot  is  fired  is  equal  to  the 
probability  it  exists  before  the  shot  is  fired  multiplied  by  the  probability 
that  the  target  is  not  destroyed  by  this  shot. 

Whenever  a  firer  is  selected  to  fire,  he  may  have  more  than  one  aim  point 
at  which  to  fire.  Assume  that  N  contains  the  number  of  aim  points  that  the 
firer  may  select.  Then  the  probability  that  target  i  exists  after  firer  k 
fires  his  shot  is  expressed  by: 


,t+l 


=  - 
^k=l 


P,  P  ,P  ) 
k  j  m' 


where : 

P^^^  =  P(target  i  exists  after  firer  j  fires  the  shot) 
P^  =«  P(target  i  exists  before  firer  j  fires  the  shot) 
P^^  »  P(flrer  j  selects  aim  point  k  to  fire  at) 
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Pj  =  P(flrer  j  exists  to  fire) 

P^  ”  P(target  1  is  hit  if  firer  j  fires  at  aim  point  k) 
This  expression  can  be  further  reduced  to: 


,t+l 


NP 


N 

pJpjEp 

•'k=l 


,  P 
k  m 


To  analyze  the  effect  of  indirect  target  damage,  the  probability  that  the 
target  exists  may  be  expressed  as: 


where ; 


,C+1 


J  ,  Pj,  P^,  Pj^,  and  N  have  been  described  previously. 


M  =  Number  of  targets  which  if  hit  would  result  in  collateral  damage  to 
target  1, 

P^  =  P(that  target  n  exists  before  firer  j  fires  next  shot),  where  target 
n  is  a  target  which  if  hit  causes  collateral  damage  to  target  1, 


Pjji  =  P(chat  firer  j  fires  at  aim  point  k  and  hits  target  n),  and 


N  »  Number  of  aim  points  that  firer  j  may  fire  at  and  hit  target  n. 


Probabilities  of  target  existence  are  modified  as  the  simulation 
progresses  by  both  the  direct  hit  and  indirect  hit  expressions.  After  the 
simulation  time  reaches  the  maximum  time  desired  by  the  analyst,  the 
simulation  model  stops  and  lists  the  probability  of  target  existence  for  each 
target  involved  in  the  simulation.  The  analyst  may  also  list  the  probability 
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of  target  existence  at  Intermediate  times  during  the  simulation. 

After  probabilities  of  target  existence  have  been  developed,  targets 
possessing  similar  characteristics  (such  as  defense  or  attack  force  personnel) 
can  be  grouped  together  and  the  expected  number  of  targets  destroyed  or 
damaged  can  be  calculated  over  time.  This  allows  the  analyst  to  estimate  the 
expected  size  of  the  remaining  defense  force  or  attack  force  at  preselected 
points  In  time.  Any  targets,  such  as  number  of  vehicles  destroyed,  number  of 
(nuclear)  weapons  damaged,  etc.,  may  be  grouped  in  this  manner  with  their 
expected  number  remaining  with  time  calculated. 

Standard  conditional  probability  techniques  are  used  to  determine  the 
expected  number  of  grouped  targets  that  are  destroyed  at  a  particular  point 
since  the  beginning  of  the  simulation.  Assume  that  the  array  for  1  •  1,N 
contains  the  probability  that  attack  force  personnel  1  through  N  exist  after 
10  seconds  have  elapsed  In  the  simulation.  From  this  data.  It  is  possible  to 
obtain  the  expected  number  of  attack  force  personnel  which  have  been  killed. 
First,  the  probability  that  exactly  r  attack  force  personnel  remain  after  10 
seconds  Is  computed.  For  this  example,  r  would  range  from  r  0  (no  attack 
personnel  remain)  to  r  =  N  (all  personnel  remain).  Let  =  P(exactly  r 

N 

attack  personnel  remain),  (1  -  P^),  which  Is  the  probability  that 

i“l 

attacker  1  has  been  killed  x  probability  that  attacker  2  has  been  killed  x 
...probability  that  attacker  N  has  been  killed.  The  computer  can  rapidly 
evaluate  all  combinations  required  to  generate  P^  for  each  possible  value  of  r. 

After  all  P^  values  have  been  obtained,  the  expected  number  of  attack 
force  personnel  killed  (denoted  by  Ej^)  Is  evaluated  via  the  expression: 


N 

1=1 


by  definition  of  expected  value. 
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For  a  more  complete  description  of  the  methodology  used  by  the  SAS 
computer  model,  the  user  Is  requested  to  read  the  documentation  provided 
within  the  computer  code  listing.  Appendix  C. 

1.3  SPECIFIC  AREAS  OF  APPLICATION 

The  SAS  code  Is  a  generalized  survivability  model  applicable  to  a  wide 
variety  of  situations  In  which  adversaries  fire  weapons  at  guards  and  at 
critical  system  components  from  prescribed  distances.  This  Includes  scenarios 
involving  ambush  of  a  ground  or  air  convoy,  mortar  or  RPG  attacks  on  a  fixed 
site  during  outloadlng  or  maintenance,  missile  or  bombing  attacks  on  a  secured 
fixed  site,  and  attacks  by  any  kind  of  stand-off  weapon  on  unhardened  field 
sites  or  dispersal  locations.  The  model  Is  specifically  not  applicable  to 
attacks  Involving  theft  or  sabotage  of  a  covert  nature.  The  computer  model 
PANL  (Path  ANaLysis,  Reference  3)  should  be  used  for  covert  or  stealth  type 
attacks . 

Specific  applicability  of  the  model  to  a  large  number  of  situations  with 
currently  deployed  or  under-development  weapon  systems  is  foreseen.  These 
potential  applications  are  discussed  in  a  general  way  in  the  following 
paragraphs.  Included  in  the  discussion  are  Pershing,  Lance,  and  the  Ground 
Launched  Cruise  Missile  (GLCM). 

Pershing,  because  of  the  requirement  for  quick  reaction  capability,  is 
vulnerable  at  QRA  (Quick  Reaction  Alert)  sites  to  conventional  bombing  or  to 
attack  by  terrorists  or  special  operations  teams  (SOT)  using  a  variety  of 
weapons.  Mortars,  rocket  propelled  grenades,  missiles,  automatic  and 
semi-automatic  weapons  and  small  arms  are  a  few  of  the  weapons  which 
terrorists  or  SOTs  might  use  in  attacking  QRA  sites  from  a  standoff  position. 
Trucks,  tanks,  helicopters  or  fixed-wing  aircraft  might  be  used  in  the  attack. 

SAS  is  applicable  to  the  analysis  of  Pershing  QRA  sites  when  various 
types  of  survivability  or  security  enhancements  are  being  considered.  Berms, 
revetments,  and  various  types  of  soft  and  semi-soft  shelters  may  be  analyzed. 
Armored  blankets  and  personnel  shelters  or  armored  fighting  positions  may  be 
included  in  the  analysis  as  well. 
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The  attack  inodes  described  above  may  be  mounted  against  other  systems 
during  uploading  for  dispersal  or  for  non-emergency  relocation.  GLCM  and 
LANCE  must  be  mobilized  and  formed  Into  convoys  for  dispersal,  and  smaller 
weapons,  whether  or  not  they  are  protected  by  armored  storage  containers, 
undergo  a  period  of  high  vulnerability  when  they  are  removed  from  Igloos  and 
loaded  onto  trucks,  helicopters,  or  aircraft.  A  well-planned  standoff  attack, 
timed  to  coincide  with  a  dispersal  or  relocation  operation,  could  constitute  a 
significant  threat  during  the  period  when  efficient  mobilization  for  war  Is 
Imperative.  Analysis  of  scenarios  Involving  this  kind  of  attack,  with 
variation  on  mobilization  and  dispersal  procedures  and  equipment,  could 
provide  significant  Improvement. 

The  standoff  mode  of  attack  Is  the  one  most  likely  to  be  used  against 
Pershing,  Lance,  or  GLCM  while  In  convoy  to  deployed  positions  or  while  hiding 
In  the  woods.  Such  an  attack  requires  less  detailed  planning  by  an  agressor 
than  does  a  penetration  attack,  and  there  Is  less  risk  to  him.  He  will 
maintain  his  position  at  a  distance  from  the  target,  and  thus  will  be  able  to 
escape  more  easily.  This  Is  true  whether  the  attacking  weapons  are  bombs, 
missiles,  or  long-range  rifles,  and  whether  the  adversary  mobility  Is  by 
aircraft,  trucks,  or  on  foot. 

It  seems  apparent  that  SAS  could  and  should  be  used  to  analyze  the 
vulnerability  of  real  systems  to  a  number  of  real  threats.  Improvement 
options  now  under  development  could  be  analyzed  to  determine  whether  they 
provide  Increased  survivability  under  attack  situations  which  are  highly 
credible.  We  believe  that  SAS  can  provide  a  useful  methodology  In  a  realm 
which  bridges  the  area  between  the  security  threat  and  considerations  which 
have  totally  to  do  with  survivability. 

1.4  ADVANTAGES  OF  THE  SAS  MODEL 

The  SAS  computer  model  offers  the  analyst  complete  control  over  all 
parameters  which  significantly  effect  the  outcome  of  a  small  scale  engagement 
situation.  The  SAS  model  accomplishes  this  goal  while  enabling  the  analyst  to 
complete  an  analysis  In  a  relatively  short  time-frame.  By  use  of  standardized 
data  Input  forms,  the  completeness  and  correctness  of  all  Input  data  can  be 


20 


assured  before  executing  the  model.  After  the  model  is  executed,  data  is 
entered  from  the  input  forms  directly  in  a  specified  order,  thus  minimizing 
data  entry  time.  SAS  execution  time  is  minimized  by  limiting  the  amount  of 
Monte  Carlo  analysis  to  determining  only  probabilities  of  hit.  All  other 
calculations  are  analytical  in  nature,  involving  the  use  of  conditional 
probability  and  expected  value  techniques,  which  are  more  efficiently  handled 
by  the  computer.  SAS  evaluates  the  probability  that  personnel  and  material 
targets  remain  undestroyed  with  time.  Thus  definition  of  engagement 
termination  criteria,  such  as  the  attack  force  refusing  to  continue  after  25 
percent  of  their  total  force  has  been  killed,  is  left  entirely  for  the  analyst 
to  define. 

1.5  DISADVANTAGES  OF  THE  SAS  MODEL 

Some  simulation  models  are  entirely  Monte  Carlo  in  nature,  allowing  the 
model  to  determine  at  any  point  in  time  whether  a  particular  player  is  still 
alive  or  has  been  killed  previously.  This  feature  is  useful  if  the  analyst 
requires  a  deep  level  of  detail.  Using  a  model  of  this  type,  the  analyst 
could  develop  a  type  of  "script  language"  which  could  specify  the  actions  of 
the  various  players  based  on  other  player's  situations.  For  example,  the 
analyst  could  model  a  scenario  in  which  player  1  would  move  to  a  new  location 
based  on  whether  player  2  is  still  alive  or  has  been  killed.  With  SAS,  the 
analyst  has  the  capability  to  move  a  particular  player  to  a  new  location  by  ! 

specifying  the  time  relative  to  the  beginning  of  the  simulation  when  the  j 

movement  of  the  player  is  to  occur.  Because  SAS  considers  only  the 
probability  that  a  particular  player  has  been  killed,  decisions  cannot  be  made 
based  on  the  "condition"  of  individual  players.  If  this  amount  of  detail  is 
required,  a  code  which  employs  Monte  Carlo  techniques  throughout  is  suggested. 

1.6  UNIQUE  FEATURES  OF  THE  SAS  MODEL 

Several  unique  features  were  built  into  the  SAS  model  which  were  not 
generally  available  in  other  security  models  surveyed.  These  features  have 

I 

been  found  to  be  extremely  useful  in  evaluating  securlty/survlvabillty 
concerns.  (Reference  4) 
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•  Specified  groups  of  targets  may  be  selected  for  further  analysis 
to  determine  the  expected  number  of  targets  remaining  with  time. 
In  addition  to  the  typical  engagement  outcome  results  describing 
damage  to  the  defending  and  attacking  forces,  the  user  is  able  to 
obtain  engagement  damage  to  any  set  of  targets.  The  type  of 
targets  which  may  be  analyzed  Include  vehicles ,  both  ground  based 
and  air-borne,  and  any  vital  cargo  being  transported.  Thus,  in 
addition  to  providing  securlty/survivabllity  outcome,  the  output 
from  SAS  may  be  useful  in  logistics  analysis  where  the  expected 
number  of  vehicles  destroyed,  for  example,  would  be  Important. 

•  Some  targets  may  contain  other  targets;  for  example,  a  truck  may 
contain  a  weapon  container  assembly  which  may  contain  a  warhead, 
a  fuzing  mechanism,  and  an  arming  mechanism.  This  permits 
detailed  analysis  of  each  vulnerable  component  involved  in  the 
security  system  analysis. 

•  The  model  is  also  capable  of  evaluating  the  probability  of  target 
destruction  in  which  the  exact  position  of  the  target  is  not 
known,  for  example,  the  unknown  target  position  of  a  weapon 
container  in  the  bed  of  a  canvas-covered  truck,  or  personnel 
hidden  by  thick  foliage  in  which  their  exact  location  cannot  be 
determined . 

•  The  degree  of  obscurity  that  a  particular  target  or  set  of 
targets  may  possess  can  change  during  the  simulation,  for 
example,  smoke  canisters  may  be  released  during  an  engagement 
which  could  decrease  the  ability  of  firers  to  determine  the  exact 
location  of  enemy  targets. 

•  Automatic  weapon  fire  covering  a  random  area  may  be  modeled  with 
SAS,  as  well  as  weapons  which  provide  blast  kill  capability  such 
as  grenade  launchers  or  rocket  batteries,  for  example. 

•  SAS  also  has  the  capability  of  analyzing  collateral  target 
damage.  Certain  targets,  if  hit,  may  destroy  or  Inflict  damage 
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on  other  targets.  For  example,  vehicle  fuel  tanks,  when  hit  with 
Incendiary  fire,  could  Ignite,  Inflicting  damage  on  personnel  and 
material  targets  within  the  vehicle. 


1.7  AREAS  FOR  FUTURE  DEVELOPMENT 

Possible  Improvements  to  the  SAS  model  are  discussed  In  this  section. 

Each  Improvement  or  refinement  will  be  described  and  the  reason  the 
Improvement  would  be  useful  and  the  additional  capability  It  will  provide  Is 
discussed.  Improvements  to  be  discussed  fall  primarily  within  the  following 
major  areas: 

•  Simplification  of  Input  Data  Entry 

Those  Improvements  which  Increase  the  ability  of  an  analyst  to 
generate  and  enter  the  data  necessary  to  perform  a  simulation. 
These  Improvements  would  also  reduce  the  time  required  to  modify 
original  data  In  order  to  analyze  additional  Improvement  options. 

•  Provide  Additional  Simulation  Detail 

Improvements  which  Increase  the  detail  of  the  simulation  or 
provide  a  more  "real  world"  analysis  capability. 

1.7.1  Target  Movement 

Presently,  the  SAS  user  must  model  target  movement  by  analyzing  the 
target  In  a  series  of  fixed  positions  along  the  movement  route.  This 
technique  may  be  used  to  analyze  target  movement  by  means  of  situation  "snap 
shots”  which  freeze  the  target's  position  for  a  finite  number  of  steps  along 
the  movement  path.  An  Improvement  would  permit  the  analyst  to  specify  a 
beginning  and  ending  position  for  a  particular  target  along  with  Its*  movement 
rate.  The  computer  would  calculate  the  target's  position  at  a  particular 
Instant  In  time.  This  capability  would  reduce  the  amount  of  input  data 
required  to  describe  target  movement  and  would  eliminate  discontinuities  In 
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output  which  often  appear  when  the  movement  route  is  broken  into  a  series  of 
fixed  positions. 

1.7.2  Graphics  Tablet  for  Data  Entry 

Interactive  data  entry  using  a  digitizing  graphics  tablet  would  greatly 
reduce  the  amount  of  time  required  to  specify  terrain,  cover,  and  target 
shape.  Since  input  time  would  be  reduced,  more  targets  could  be  modeled  in 
more  detail. 

1.7.3  Graphics  Package  for  Verification  of  Input  Data 

Graphics  software  would  display  target  shapes  viewed  at  various 
perspective  angles  verifying  the  correctness  of  input  data  prior  to  simulation 
execution.  This  would  permit  an  analyst  to  Identify  the  vulnerable  cross- 
sectional  area  of  the  target  as  viewed  from  a  particular  opposing  force 
member's  point  of  reference.  The  analyst  could  then  use  this  inform'atibn,  or 
a  subroutine  could  be  developed,  to  evaluate  the  probability  that  the  opposing 
force  member  could  hit  the  target  using  the  proper  target  orientation. 

1.7.4  Data  Base  Development 

A  generalized  data  base  would  be  constructed  containing  the  sizes  and 
physical  characteristics  of  various  targets  and  weapon  types.  The  SAS  user 
could  then  refer  to  this  data  base  to  acquire  the  data  required  for  his 
particular  simulation.  This  data  base  could  either  be  computerized,  allowing 
the  analyst  to  select  and  Incorporate  the  data  automatically,  or  the  data 
could  be  contained  in  document  form  in  a  manner  compatible  with  the  data  entry 
format  used  by  SAS. 

1.7.5  Confidence  Interval  Estimation 

The  simulation  model  could  be  expanded  to  include  confidence  interval 
estimation.  Generation  of  confidence  intervals  helps  the  analyst  Interpret 
the  accuracy  of  the  simulation  results. 
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1.7.6  Relaxation  of  the  Parallel  Plane  Restriction 

Currently, opposing  force  personnel  and  material  must  reside  in  either  the 
attack  or  defense  force  planes.  Movement  of  personnel  or  equipment  out  of 
these  planes  is  presently  not  permitted.  This  improvement  would  permit  the 
analyst  to  specify  all  target  positions  in  terms  of  x,  y,  and  z  coordinates. 
The  coordinates  specified  would  be  relative  to  a  single,  fixed  point  origin  in 
space,  thereby  allowing  the  analyst  to  place  attack  and  defense  force  targets 
at  any  position  desired. 

1.7.7  Three-Dimensional  Targets 

Targets  may  be  represented  as  three-dimensional  volumes.  Targets  would 
be  constructed  of  adjoining  quadrilateral  plates.  The  targets  would  be 
rotated  to  the  "line  of  fire"  from  opposing  force  personnel  and  then  the 
vulnerable  cross-sectional  area  of  the  target  would  be  computed  for  the 
firer's  weapon  type  before  the  probability  of  hit  is  calculated. 

1.7.8  Target  Protection 

Targets  which  cannot  be  destroyed  or  damaged  by  one  round  of  opposing 
fire  are  not  presently  considered.  For  example,  a  payload  well  protected  with 
armored  blankets  could  not  be  damaged  by  an  attack  force  using  small  caliber 
weapons  assuming  a  single  round  direct  hit,  because  the  round  would  not 
penetrate  target  protection.  It  is  understood,  however,  that  subsequent 
rounds  fired  on  or  near  the  Impact  point  of  the  first  round  could  weaken  the 
target  protection  sufficiently  to  result  in  payload  damage  or  destruction. 

The  "multiple  hit"  possibility  for  those  targets  which  require  more  than 
one  direct  hit  to  penetrate  target  protection  should  be  incorporated  into  the 
SAS  model.  This  improvement  will  permit  the  SAS  model  to  analyze  more  complex 
survivability-oriented  scenarios . 
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SECTION  2 


INPUT  DATA  DESCRIPTION 


Input  data  required  for  a  typical  SAS  execution  Is  divided  into  five 
major  categories: 

•  Target  Data 

Target  data  is  used  to  describe  the  size  and  shape  of  all 
personnel  and  material  targets  the  user  wishes  to  consider  in  the  simulation. 

•  Flrer  Data 

Data  which  describes  a  potential  flrer' s  characteristics,  such  as 
weapon  type  and  response  time,  are  included  within  this  section. 

•  Aim  Point  Data 

The  aim  point  data  section  describes  locations  of  aim  points 
which  may  be  fired  at  by  opposing  force  personnel  during  the  simulation. 

•  Target  Status  Change  Description 

Data  describing  a  particular  target's  movement,  size  or  shape 
change,  or  selection  of  new  weapon  type  during  the  simulation  would  be 
Included  in  this  section. 

•  Other  Input  Data 

This  section  contains  all  other  input  data  not  Included  within 
the  first  four  categories.  Names  used  for  output  files  created  during  the 
simulation  execution  would  be  one  example  of  the  type  of  data  required  for 
this  category. 


26 


The  data  required  for  each  category  Is  discussed  in  more  detail  in  the 
text  which  follows. 

2.1  TARGET  DATA  DESCRIPTION 

For  purposes  of  the  SAS  model,  targets  are  objects  whose  destruction  or 
damage  benefits  the  opposing  force  in  the  engagement.  If  we  assume  a  ground 
movement  scenario  in  which  a  ground  convoy  is  ambushed  by  a  ground  based 
attack  force,  possible  targets  of  Interest  for  the  attack  force  would  be 
defense  personnel,  the  vehicles  used  to  transport  defense  personnel  and 
payload,  and  the  payload  itself.  Attack  personnel  would  be  considered  as 
possible  targets  for  defense  personnel.  Targets  are  modeled  by  SAS  as 
two-dimensional  rectangular  areas. 

To  allow  for  situations  in  which  the  exact  position  of  the  target  is  not 
revealed  to  the  attacker,  it  is  possible  to  specify  an  area  in  which  the 
target  may  be  placed.  To  clarify  this  feature  of  the  SAS  model,  assume  that 
the  payload,  which  the  attacking  force  is  attempting  to  destroy,  is  located 
somewhere  on  the  bed  of  a  large  truck  in  which  the  rear  section  of  the  truck 
is  covered  with  canvas,  preventing  the  attack  force  from  directly  determining 
the  exact  payload  location.  Further,  assume  that  the  size  of  the  payload  is 
small  relative  to  the  size  of  the  canvas-covered  truck  bed.  A  target  of  this 
type  can  be  modeled  using  SAS  by  defining  the  size  of  the  target  (the  payload 
in  this  example)  and  specifying  a  random  area  in  which  the  target  may  be 
located  (the  rear  of  the  canvas-covered  truck). 

In  some  situations,  certain  targets,  if  hit,  may  inflict  damage  to  other 
targets  near  by.  For  example,  suppose  the  fuel  tank  of  a  vehicle  was  modeled 
as  a  target.  The  tank,  when  hit  with  incendiary  attacker  fire,  could  igniite 
and  Inflict  damage  to  other  targets  such  as  defense  personnel  or  vital 
payload.  Lacking  a  better  term,  we  will  call  this  type  of  Indirect  target 
damage  "collateral"  damage.  For  each  target  identified  and  defined  as  input 
to  the  model,  a  list  of  targets  which  would  be  collaterally  damaged  by  hitting 
this  target  must  be  specified.  Before  executing  the  SAS  model,  all  targets 
must  be  identified  and  their  size  and  position  defined. 
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Due  to  aiming  error,  a  firer  may  attempt  to  hit  one  target  and  actually 
hit  another.  For  this  reason,  a  list  of  targets  which  could  be  hit  by  firing 
at  a  specific  aim  point  is  required. 

A  standardized  target  data  collection  form  used  to  obtain  all  required 
target  information  is  presented  in  Appendix  A.  This  data  form  also 
specifies  data  required  to  describe  firer  characteristics  for  personnel 
targets  capable  of  firing  at  opposing  forces. 

There  are  several  data  items  required  to  define  each  target  to  the  SAS 
model.  The  format  and  use  of  each  data  item  will  be  discussed  separately  as 
they  appear  on  the  data  form.  Appendix  A,  Figure  A. lb. 

2.1.1  Target  Number 

First,  the  user  must  select  a  target  number.  The  target  number  selected 
for  each  target  must  be  unique.  Normally,  targets  are  assigned  numbers  irt 
sequence  (1,2,...);  however,  the  user  may  choose  to  assign  target  numbers  in 
any  order. 

2.1.2  Target  Description 

Following  the  target  number  is  the  target  description.  Target 
description  consists  of  at  most  10  characters  which  are  used  to  uniquely 
identify  targets  to  the  user.  Any  printable  character  may  be  included  in  the 
target  description. 

2.1.3  Target  Height,  Width 

The  height  and  width  of  the  rectangular  target  area  is  measured  in  meters 

2.1.4  Random  or  Fixed 

The  user  must  now  decide  whether  the  target  is  random  (lies  within  a 
random  area,  exact  location  is  unknown  to  the  opposing  force)  or  fixed  (the 
opposing  force  can  recognize  exact  target  location).  An  'R'  is  entered 
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indicating  the  target  is  found  within  a  random  area  or  an  'F'  is  entered 
indicating  the  target  is  in  a  fixed  location.  The  user  must  specify  either  an 
'R'  or  an  'F'  for  each  target  listed. 

2.1.5  Lower  Left  Coordinate 

For  fixed  targets,  the  user  enters  the  x  and  y  coordinates  specifying  the 
position  of  the  lower  left  corner  of  the  rectangular  target  areas.  The 
coordinate  values  are  relative  to  the  origin  in  target's  reference  plane.  The 
X  coordinate  is  the  distance  in  meters  from  the  origin  in  the  horizontal 
direction.  The  y  coordinate  is  the  distance  from  the  origin  to  the  lower  left 
corner  in  the  vertical  direction. 

For  random  targets,  the  user  enters  the  x  and  y  coordinates  specifying 
the  lower  left  corner  of  a  random  target  area  within  which  the  target  is 
located.  The  x  and  y  coordinate  values  are  expressed  in  meters  defining  the 
horizontal  and  vertical  distance  for  the  geometric  plane  origin. 

2.1.6  Random  Area  Height,  Width 

For  random  targets,  these  parameters  specify  the  height  and  width  of  the 
random  target  area  in  meters.  Random  area  height  and  width  are  left  blank  if 
a  fixed  target  is  specified. 

2.1.7  Can  Target  Fire? 

If  the  target  Is  a  personnel  target  capable  of  firing  at  the  opposing 
force,  the  user  enters  a  'Y*  indicating  the  target  can  fire;  otherwise,  an  'N' 
is  entered.  Either  a  'Y'  or  'N'  must  be  specified  for  each  target  Involved  in 
the  simulation. 

2.1.8  Weapon  Type 

The  user  identifies  the  type  of  weapon  used  by  entering  a  one  or  two 
digit  number.  The  weapons  currently  defined  for  use  within  the  SAS  model  are 
listed  below  with  their  associated  weapon-type  number. 
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Weapon  Type 


Weapon  Description 


1 

2 

3 

4 

5 

6 
7 


Ml  6 
AKA  7 
M60 

50  Caliber 
M79 
RPG 
Ml  9 


The  weapon  type  is  left  blank  if  the  target  cannot  fire. 

2.1.9  Number  of  Rounds 


The  user  enters  the  number  of  rounds  of  ammunition  available.  This 
parameter  Is  left  blank  If  the  target  cannot  fire. 

2.1.10  Response  Time 

Response  time  specifies  the  time  at  which  the  firer  begins  firing  at 
opposing  forces  relative  to  the  beginning  of  the  simulation  (time  =  0) 
measured  in  seconds.  The  parameter  is  left  blank  if  the  target  cannot  fire. 

2.1.11  Aim  Points,  Ordered  by  Priority 

Aim  point  numbers  of  those  aim  points  which  the  firer  may  fire  at  during 
the  simulation  are  ordered  on  their  importance  to  the  firer.  When  fire  is 
first  initiated,  the  firer  will  attempt  to  hit  the  first  aim  point  listed.  As 
the  simulation  progresses,  the  probability  that  the  firer  continues  to  fire  at 
the  first  aim  point  decreases  proportionally  to  the  probability  the  primary 
target  associated  with  the  aim  point  has  been  previously  destroyed.  Aim  point 
numbers  are  left  blank  if  this  target  cannot  fire. 

2.1.12  Collaterally  Damaged  Targets 


A  list  of  those  targets  which  will  be  destroyed  if  this  target  is  hit  by 
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the  opposing  force  is  the  last  data  item  required  for  target  description.  The 
order  of  the  target  numbers  specified  Is  not  Important.  If  fewer  targets  are 
specified  than  spaces  on  the  data  sheet,  leave  the  rest  of  the  spaces  blank. 

2.2  FIRER  DESCRIPTION 

Each  attack  and  defense  force  member  firing  at  the  opposing  force  must  be 
described.  The  description  includes  specification  of  a  weapon  type,  response 
time  (time  when  flrer  begins  shooting),  amount  of  ammunlcatlon  available,  and 
strategy.  A  summary  of  the  input  parameters  describing  a  flrer' s 
characteristics  (can  target  fire,  weapon  type,  number  of  rounds,  response 
time,  and  aim  points  ordered  by  priority)  appearing  on  the  target  data  form 
have  been  discussed  In  the  previous  section. 

2.3  AIM  POINT  DATA  DESCRIPTION 


A  firer's  strategy  is  defined  by  providing  a  set  of  aim  points  which  are 
ordered  in  terms  of  priority.  Each  aim  point  is  associated  with  a  primary 
target.  Normally,  the  aim  point  is  defined  in  the  center  of  the  particular 
situation  modeled.  In  addition  to  the  primary  target,  a  list  of  other  targets 
in  close  proximity  to  the  primary  target  which  may  be  hit  by  firing  at  this 
aim  point  must  be  provided.  In  some  cases,  it  is  more  desirable  to  define  a 
region  for  an  attacker  or  defender  to  fire  into  than  a  specific  point  at  which 
to  aim.  This  is  especially  true  if  the  exact  position  of  the  Intended  target 
cannot  be  determined.  SAS  allows  spray  of  fire  into  an  area  by  defining  a 
rectangular  shaped  area  in  place  of  a  fixed  aim  point.  Shots  are  fired 
randomly  into  the  rectangular  area  assuming  each  section  of  the  area  is 
equally  likely  to  be  fired  into. 

An  sample  form  used  to  gather  required  aim  point  data  is  presented  in 
Appendix  A,  Figure  A.lc.  The  data  items  required  for  aim  point  description 
are  In  this  section. 

2.3.1  Aim  Point  Number 

The  aim  point  number  is  a  unique  number  which  the  user  assigns  to  each 
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aim  point  considered  In  the  simulation.  Aim  point  numbers  are  usually  defined 
In  sequence  (1,2,...);  however,  they  may  be  assigned  In  any  order  which  may  be 
more  convenient  to  the  user. 

2.3.2  Aim  Point  Description 

The  user  must  specify  a  unique  aim  point  description  which  consists  of  at 
most  10  characters  for  each  aim  point  desired.  Any  printable  character  Is 
permissible  within  the  aim  point  description.  Normally,  the  aim  point 
description  references  the  primary  target  associated  with  the  aim  point. 

2.3.3  Random  or  Fixed 

If  the  user  wants  to  define  the  aim  point  as  fixed,  an  ’F'  is  entered; 
otherwise,  a  'R'  Is  used.  Fixed  aim  points  specify  fixed  points  located  in 
the  plane  containing  the  opposing  force  personnel  and  equipment  to  be  fired 
at.  Fixed  aim  points  are  specified  whenever  the  opposing  force  can  obtain  an 
exact  location  of  the  opposing  target  area  center. 

Random  aim  areas,  indicated  by  a  ’R’  entry,  are  used  whenever  the  exact 
location  of  an  opposing  target  area  Is  unknown  or  the  strategy  Is  to  spray 
automatic  weapon  fire  evenly  throughout  an  area  without  aimming  specifically 
at  any  target. 

The  user  must  define  each  aim  point  considered  as  either  random  or  fixed. 

2.3.4  X  Coordinate,  Y  Coordinate 

If  the  aim  point  is  fixed,  the  x  and  y  coordinate  values  specify  the 
location  of  the  aim  point  in  the  opposing  force  reference  plane.  The  x  and  y 
coordinate  values  measure.  In  meters,  the  horizontal  and  vertical  distance 
from  the  origin  to  the  aim  point.  Normally,  for  fixed  aim  points,  the  aim 
point  is  placed  In  the  center  of  the  primary  target  associated  with  the  aim 
point . 

If  the  aim  point  Is  random,  the  x  and  y  coordinates  specify  the  location 
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of  the  lower  left  corner  of  a  random  aim  area  measured  In  meters  from  the 
opposing  plane  origin. 


2.3.5  Height,  Width 

Height  and  width  are  only  specified  when  a  random  aim  point  is  desired. 
The  height  and  width,  expressed  in  meters.  Indicates  the  size  of  the  random 
aim  area.  These  data  fields  are  left  blank  if  a  fixed  aim  point  is  used. 

2.3.6  Targets  Which  May  be  Hit  by  Firing  at  This  Aim  Point 

The  last  data  entered  on  the  aim  point  data  form  involves  a  list  of 
possible  targets  which  may  be  hit  when  this  aim  point  is  fired  at.  The  first 
target  number  entered  is  considered  the  primary  target  associated  with  the  aim 
point.  Order  of  subsequent  target  numbers  is  not  important.  Should  the  user 
specify  fewer  target  numbers  than  spaces  on  the  data  form,  the  remaining 
spaces  should  remain  blank.  The  target  which  is  closest  to  the  aim  point  or 
most  likely  to  be  hit  by  firing  at  the  aim  point  should  be  listed  as  the 
primary  target. 

2.4  TARGET  STATUS  CHANGE  DATA 

A  target  status  change  is  specified  by  entering  four  parameters:  the  old 
target  number,  the  new  target  number,  the  time  the  status  change  occurs,  and 
the  delay  time  for  the  new  target  to  commence  firing  after  the  status  change 
occurs.  The  data  form  used  to  obtain  target  status  change  information  appears 
in  Appendix  A,  Figure  A. Id.  The  target  status  change  parameters  are  now 
discussed  in  more  detail. 

2.4.1  Old  Target  Number 

The  old  target  number  is  the  number  of  the  original  target  assigned  at 
the  beginning  of  the  simulation.  This  number  identifies  the  target  whose 
status  will  be  modified. 
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2.4.2  New  Target  Number 


The  new  target  number  points  to  a  new  set  of  target  information  which 
will  replace  the  target  information  previously  obtained  when  referencing  the 
old  target  number.  Information  pertaining  to  the  new  target  is  transferred  to 
the  old  target,  destroying  previous  Information  used  to  define  the  old  target 
characteristics . 

2.4.3  Status  Change  Time 

Status  change  time  specifies  the  time  in  seconds  from  the  start  of  the 
simulation  when  the  target  status  change  is  to  occur. 

2.4.4  Delay  Time 

The  user  may  choose  to  specify  a  delay  time  before  the  new  target 
commences  firing  after  the  status  change  is  complete.  The  delay  time 
parameter  can  be  used  to  specify  a  player's  reload  time,  aim  time,  or  time 
required  to  acquire  a  new  weapon  . 

2.5  OTHER  INPUT  DATA 


Other  data  required  to  perform  a  SAS  simulation  primarily  concerns  the 
specification  of  input  and  output  files,  names,  starting  and  ending  time  for 
simulation  results,  and  manner  in  which  results  are  stored  when  the  simulation 
is  complete.  Due  to  the  self-explanatory  nature  of  these  parameters,  they  are 
not  described  within  this  section.  Refer  to  Appendix  A,  Figure  A. la  and 
Figure  A.le,  for  questions  asked  to  obtain  additional  input  parameters 
required  to  perform  a  SAS  simulation. 


34 


SECTION  3 


EXAMPLE  APPLICATION 


The  application  of  the  SAS  model  to  evaluate  the  outcome  of  an  ambush 
attack  on  a  nuclear  convoy  will  be  presented.  The  objective  of  the  attack  is 
to  destroy  or  render  the  weapons  being  transported  by  the  convoy  inoperative. 
The  scenario  details  and  modeling  assumptions  required  to  evaluate  the 
engagement  outcome  are  presented  in  two  sections:  scenario  overview  and 
scenario  details.  The  scenario  overview  describes  the  scenario  in  a  general 
sense  and  is  used  to  acquaint  the  reader  with  the  situation  just  prior  to 
ambush.  The  second  section,  scenario  details,  provides  more  detailed 
assumptions  concerning  movement  rates,  weapon  characteristics,  number  and 
location  of  defense  and  attack  force  personnel,  vehicle  type  and  size,  and 
both  attack/defense  personnel  cover  and  protection. 

3.1  SCENARIO  OVERVIEW 

A  nuclear  convoy  is  transporting  weapons  to  a  fixed  storage  site.  The 
convoy  is  enroute  on  a  public  highway  when  the  attack  occurs .  The  convoy 
consists  of  nine  vehicles  which  carry  defense  personnel,  nuclear  weapons  and 
required  communication  equipment.  The  attack  on  the  convoy  occurs  without 
forewarning;  hence,  the  defense  force  is  taken  totally  by  surprise.  The 
attack  is  Initiated  by  detonation  of  pre-placed  mines  under  the  roadway  used 
by  the  convoy.  Detonation  of  these  mines  is  timed  to  effectively  destroy  the 
lead  weapon-carrying  vehicle  and  prevent  further  progression  of  remaining 
weapon-carrying  vehicles  beyond  the  mine  detonation  point.  The  mine 
deto, nation  also  Isolates  vehicles  and  personnel  which  have  proceeded  beyond 
the  mine  detonation  point  from  involvement  in  the  ensuing  engagement  between 
defense  and  attack  forces  concerned  with  protection  and  destruction  of  weapons 
in  remaining  weapon-carrying  vehicles.  Figure  3.1  shows  a  "bird's  eye"  view 
of  the  scenario  situation  just  prior  to  mine  detonation. 

The  attack  force  consists  of  11  men  who  have  pre-positioned  themselves  in 
well-hidden,  protective  foxholes  or  behind  large  trees  to  minimize  the  amount 
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LMG(Light  Machine  Gnn) 


RPG(Rocket  Propelled  Grenade  Launcher) 


ATTACK  FORCE 


Vehicle  3 


ehicle  4 


ehicle  2(Secarity  Force) 


1  Mine  Detonation  Point 


DIRECTION  OF  MARCH 


Figure  3.1  "Bird’s  Eye"  View  of  Ambush  Scenario  Just  Prior  to  Mine  Detonation 
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of  body  area  exposed  to  defense  force  weapon  fire.  Each  attack  force 
member  has  well-defined  objectives  and  strategy  when  the  engagement  starts.  A 
portion  of  the  attack  force  Is  used  to  tie  down  the  three  lead  vehicles  and 
the  one  trailing  vehicle,  preventing  personnel  on  these  vehicles  from  directly 
assisting  personnel  located  on  weapon  carrying  vehicles  throughout  the 
engagement.  It  will  be  assumed  that  the  attack  force  personnel  used  to  pin 
down  defense  personnel  in  the  lead  and  trailing  vehicles  will  not  enter  Into 
the  engagement  between  defense  personnel  on  remaining  weapon  carrying 
vehicles.  Thus,  the  encounter  situation  which  will  be  modeled  by  SAS  involves 
the  remaining  six  attackers  (numbered  1-6  in  Figure  3.1)  and  the  defense 
personnel  on  trucks  (numbered  1-4). 

Since  the  attack  occurs  without  forewarning,  defense  personnel  do  not 
respond  with  return  fire  immediately.  In  all  cases,  the  first  person 
responding  from  each  vehicle  is  the  assistant  driver.  After  the  vehicles  have 
stopped,  defense  personnel  located  in  the  rear  section  of  each  vehicle,  along 
with  the  vehicle  driver,  will  respond.  The  vehicles  will  attempt  to  proceed 
through  the  ambush  area,  if  possible.  Although  the  defense  vehicles  have 
limited  off-road  capability,  the  attack  force  has  carefully  chosen  its  ambush 
site  to  prevent  vehicles  from  continuing  beyond  the  mine  detonation  point. 

The  vehicles  are  assumed  to  stop  on  the  roadway  grouped  fairly  closely 
together,  with  the  lead  vehicle  approximately  five  meters  from  the  mine 
detonation  point. 

The  convoy  is  in  continuous  communication  with  an  additional  back-up 
response  force.  Once  the  attack  has  been  determined,  the  back-up  response 
force  is  notified  via  personnel  in  the  command-control  and  communications 
vehicle.  The  time  required  for  the  back-up  force  to  respond  to  the  ambush 
attack  is  five  minutes.  Due  to  the  expected  short  duration  of  the  engagement, 
additional  support  provided  to  the  defense  personnel  on  Trucks  1-4  by  the 
back-up  response  force  will  not  be  considered. 

3 . 2  SCENARIO  DETAILS 

All  necessary  assumptions  required  to  perform  the  simulation,  with  the 
exception  of  specific  individual  player  strategy  and  collateral  target  damage 
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assumptions,  are  described  in  this  section.  The  purpose  of  this  section  is  to 

•  describe  assumptions  used  in  this  particular  example,  and 

•  familiarize  the  reader  with  the  parameters  which  must  be 
identified  and  defined  prior  to  performing  any  simulation 
involving  the  use  of  the  SAS  computer  model. 

3.2.1  Convoy  Composition 

The  nuclear  convoy,  shown  in  Figure  3.1,  is  composed  of  four 
load-carrying  vehicles,  one  security  personnel  vehicle  and  the  lead  and 
trailing  escort  vehicles.  Each  load-carrying  vehicle  contains  three  nuclear 
projectiles  within  a  standard  container.  The  security  vehicle  contains  six 
security  personnel  and  equipment.  The  vehicles  composing  the  convoy  are 
ordered  as  follows: 

•  Route  recon  vehicle 

•  Command-control  and  communications  vehicle 

•  Security-lead  vehicle  (M115) 

•  Two  load-carrying  vehicles 

•  Security  force  vehicle 

•  Two  load-carrying  vehicles 

•  Trailing  security  vehicle 

3.2.2  Security  Force  Distribution 

All  vehicles  contain  a  driver  and  assistant  driver,  both  trained  and 
equipped  with  issue  M16  rifles.  All  load-carrying  vehicles  are  equipped  with 
an  M60  as  well  as  the  M16  rifles.  The  ambush  procedure  of  mine  detonation 
under  the  first  load-carrying  vehicle  isolates  the  three  leading  vehicles  from 
the  main  body,  while  the  trailing  security  vehicle  is  also  diverted  by  direct 
fire.  These  security  elements  are,  therefore,  unable  to  directly  assist  the 
main  body.  The  force-on-force  encounter  then  involves  principally  security 
force  personnel  (drivers  and  guards)  of  load-carrying  mission  vehicles  and  the 
security  guard  vehicle  personnel,  excluding  the  defense  personnel  on  the  lead 


load-carrying  vehicle  which  was  destroyed  by  the  mine  detonation. 

3.2.3  Personnel  Assumptions 

Defense  personnel  are  assumed  to  remain  completely  exposed  to  fire. 

Since  time  Involved  In  the  stand-off  attack  phase  of  the  SOT  assault  Is  only 
20  seconds.  It  Is  assumed  that  If  a  defender  sustains  a  hit,  he  will  be 
considered  Ineffective  In  providing  retaliatory  fire.  For  this  reason, 
defenders,  while  In  moving  vehicles,  are  assumed  to  have  0.9  square  meters  of 
cross  sectional  area  exposed  to  fire.  Defenders  In  moving  vehicles  are 
modeled  as  rectangles  with  height  of  1.2  meter,  width  ofO.75  meters.  Figures 
3.2  through  3.13  show  the  size  and  position  of  defense  personnel  within  their 
respective  vehicles. 

Notice  that  In  each  of  the  figures  there  Is  a  number  associated  with  each 
vehicle  and  each  defender  within  a  particular  vehicle.  These  numbers  will  be 
used  to  uniquely  Identify  each  defender  Involved  In  the  simulation.  For 
example,  DlTl  denotes  Defender  1,  Truck  1.  Similar  numbers  are  used  to 
uniquely  Identify  weapons,  weapon  containers,  defense  force  vehicle  engine 
areas  and  members  of  the  attacking  force.  WlTl,  KlTl,  and  ETl,  for  example, 
will  be  used  to  denote  Weapon  1,  Truck  1,  container  for  Weapon  1,  Truck  1,  and 
Truck  1  engine  area,  respectively.  A1  Is  used  to  uniquely  Identify  attack 
force  member  1. 

After  vehicles  stop,  defense  personnel  are  assumed  to  be  limited  in  their 
selection  of  possible  defense  positions.  By  scenario  definition,  the  convoy 
is  being  attacked  from  the  right.  On  the  left  side  is  a  steep  drop  which 
cannot  be  used  effectively  for  defensive  positions  and  precludes  vehicle 
maneuvering.  Thus  security  personnel  are  forced  to  take  defensive  positions 
behind  their  respective  vehicles.  Security  personnel  remain  in  prone 
positions  exposing  approximately 0.04  square  meters  of  their  body  to  fire, 
modeled  as  a  rectangular  target  0.15  meters  high,  0.25  meters  wide.  Figures 
3.10-3.13  show  the  position  of  defense  personnel  after  vehicles  have  stopped, 
while  Figures  3. 6-3. 9  are  the  intermediate  positions. 

Attack  personnel  are  In  defensive  positions  exposing  only  their  heads  to 
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direct  fire  from  the  security  defensive  personnel.  It  is  assumed  that  roughly 
0.02  square  meters  of  each  attacker's  body  is  exposed  to  direct  fire,  modeled 
as  a  square  target  measuring  0.125  meters  on  each  side.  Refer  to  Figure  3.14 
for  size  and  location  of  attack  force  members.  A  particular  attack  force 
member  is  identified  by  the  character  'A'  followed  by  the  number  of  the 
attacker.  Al,  for  example,  is  used  to  refer  to  the  attack  force  member  1. 

3.2.4  Vehicle  Assumptions 

Detailed  dimensions  of  each  vehicle  involved  in  the  stand-off  attack 
simulation  are  given  in  Figures  3.2-3.13.  All  vehicles  involved  are  assumed 
to  be  canvas-covered  flatbed  stake  trucks.  Each  truck  is  8.0  meters  in  total 
length.  The  engine  section  of  each  vehicle  measures  1.1  meters  in  height  by 
1.6  meters  in  width.  Vehicles  are  assumed  destroyed  if  hit  by  an  RPG  in  the 
engine  section,  or  by  fire  if  the  fuel  tank  is  ignited.  The  cab  section  of 
each  vehicle  is  assumed  to  measure  2.3  meters  in  height  by  1.6  meters  wide. 

The  canvas-covered  rear  section  of  each  vehicle  is  modeled  as  a  rec'tangle  4.8 
meters  long  and  3.0  meters  high.  The  fuel  tank  is  located  directly  behind  the 
vehicle  cab  below  the  truck  bed.  The  fuel  tank  is  also  modeled  as  a 
rectangular  target  measuring  0.4  meters  high  by  1.4  meters  in  length. 

Vehicle  engine  areas  are  denoted  by  'ET'  followed  by  the  truck  number. 

For  example,  ETl  is  used  to  refer  to  the  engine  area  of  Truck  1.  The  rear 
section  of  the  canvas-covered  truck  is  uniquely  refered  to  by  'CT'  followed  by 
the  truck  number.  Thus,  CTl  would  be  used  to  identify  the  canvas-covered  rear 
section  of  Truck  1.  Vehicle  fuel  tanks  are  denoted  by  ’GT’  followed  by  the 
truck  number.  GTl  is  used  to  refer  to  the  fuel  tank  on  Truck  1. 

3.2.5  Vehicle  Movement  Assumptions 

At  the  point  of  mine  detonation,  all  convoy  vehicles  are  assumed  to  be 
traveling  at  40  KPH.  Immediately  after  mine  detonation,  all  vehicles 
decelerate  uniformly.  The  distance  required  for  each  vehicle  to  come  to  a 
complete  halt  was  determined  by  subtracting  the  starting  position  (x 
coordinate  value  in  Figures  3.2  through  3.5)  from  their  stopped  position  (x 
coordinate  value  in  Figures  3.10  through  3.13).  The  stopped  positions  were 
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Attacker  Target  Locations 


selected  to  provide  a  minimum  of  5  meters  separation  between  each  vehicle. 

The  distance  for  Truck  1  to  come  to  a  complete  stop  is  148  -  120  =  28  meters, 
for  example.  Assuming  each  truck  decelerates  uniformly,  it  is  possible  to 
calculate  average  positions  of  each  vehicle.  Truck  1,  which  is  closest  to  the 
mine  detonation  is  assumed  to  stop  in  5  seconds.  The  last  vehicle.  Truck  4, 
is  assumed  to  require  10  seconds.  The  other  two  vehicles  are  evenly  spaced 
over  the  5-10  second  Interval.  Truck  2  is  assumed  to  stop  in  6.67  seconds, 
and  Truck  3  is  assumed  to  stop  in  8.33  seconds. 

The  location  of  each  truck  after  mine  detonation  is  then  given  by  the 
expression: 

x(t)  =  x(o)  +  v(o)t  -  1/2  at^ 

where : 

x(t)  =  location  of  truck  in  meters  from  origin  (along  x  axis) 
x(o)  =  initial  truck  position  in  meters  from  origin  (along  x  axis) 
v(o)  =  initial  truck  velocity  In  meters/second  (40  KPH  =  11 
meters/second) 

2 

a  =  constant  value  of  deceleration  in  meters/second 

t  =  time  elapsed  since  mine  detonation  in  seconds. 

The  location  of  each  vehicle  when  stopped  is  given  by: 

x(t  )  =  x(o)  +  v(o)t  +  1/2  at 
s  s  s 

where : 

x(tg)  =  location  of  truck  when  stopped  measured  from  the  origin 
along  the  x  axis 

tg  =  time  required  for  truck  to  stop  (point  when  v(t)  =0.) 

Because  the  deceleration  of  each  truck  is  constant,  it  is  possible  to 
solve  for  "a"  in  each  expression  and  set  the  resulting  expressions  equal: 
a  =  2/t^  x(t)  -  x(0)  -  v(0)t  , 

a  -  2/t^  x(t  )  -  x(0)  -  v(0)t  . 

s  s 

Thus , 

2/t^  x(t)  -  x(0)  -  v(0)t  -  2/t^  x(t  )  -  x(0)  -  v(0)t 

s  s  s 
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or 


x(t)  =  x(0)  +  v(0)t  +  X  ft  -  x(0)  -  v(0)t  Ift/t  1^. 

L  s  s  s  ^ 

The  average  position  of  each  truck  is  determined  at  time  t  =  that 

deceleration  is  constant. 

For  example,  the  average  position  of  Truck  1,  x^ ,  is  then  given  by: 

=  120.  +  11(5. /2)  +  f  148  -  120  -  11(5.) 

=  140.75  meters. 

Figure  3.15  Illustrates  the  location  of  all  trucks  in  terms  of  distance 
from  the  origin  along  the  x  axis  in  meters  varying  with  time  from  mine 
detonation.  For  analysis  purposes,  the  average  truck  positions  will  be  used 
during  the  period  when  the  trucks  are  decelerating. 

3.2.6  Weapon  Assumptions 

Nuclear  weapon  projectiles  are  assumed  to  have  a  cross  sectional  area  of 
0.105  meters,  which,  if  hit  by  either  automatic  weapon  fire  or  RPG  fire,  will 
result  in  damage  or  destruction.  The  cross-sectional  area  resulting  in 
destruction  was  assumed  to  be  0.15  meters  high  by  0.7  meters  wide.  Each 
weapon-carrying  vehicle  is  loaded  with  three  nuclear  projectiles.  The 
pro jectlles/contalners  are  secured  in  the  center  of  the  truck  bed,  arranged  in 
a  linear  fashion  equally  spaced  over  the  bed  length. 

Standard  containers  were  placed  around  weapons  which,  if  hit  by  rifle 
fire  outside  the  dimensions  of  the  nuclear  round,  would  cause  the  weapons 
within  the  container  to  be  rejected,  pending  a  detailed  inspection  and 
certification  process.  Components  such  as  the  fuzing  and  arming  mechanisms 
would  be  Included  within  the  weapon  container  target.  Each  container  was 
assumed  to  contain  one  nuclear  weapon.  Container  targets  with  associateo 
damage  and  destruction  hit  regions  are  shown  in  Figures  3.10-3.13.  Each 
container  is  assumed  to  be  0.5  meters  high  and  1.5  meters  long. 
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Locations  Versus  Elapsed  Time  After  Mine  Detonation 


The  weapon  area  resulting  in  destruction  if  hit  is  denoted  by  the  weapon 
number  followed  by  the  truck  number.  WlTl  is  used  to  refer  to  Weapon  1,  Truck 
1,  for  example.  A  particular  weapon  container  is  denoted  by  the  container 
number  followed  by  the  truck  number:  KlTl  is  used  to  refer  to  Weapon  Container 

1,  Truck  1.  The  average  position  of  the  weapons  and  weapon  containers  within 
moving  vehicles  (considered  Position  1)  is  shown  in  Figures  3.6  through  3.9. 
The  position  of  weapons  and  weapon  containers  within  stopped  vehicles 
(considered  Position  2)  is  shown  in  Figures  3.10  through  3.13.  The  second 
position  of  all  targets  is  denoted  by  adding  'P2'  to  the  end  of  their  unique 
three  or  four  character  designation.  Thus,  K1T1P2  is  used  to  refer  to 
Container  1,  Truck  1,  position  2,  for  example.  Character  designators  without 
the  P2  suffix  refer  to  targets  in  Position  1. 

3.2.7  Defender  Strategy  Assumptions 

Once  the  convoy  is  aware  of  the  attack,  an  attempt  will  be  made  to 
continue  with  the  convoy  movement  and  push  through  the  ambush  area.  However, 
by  scenario  definition,  the  roadway  is  completely  blocked  by  the  mined  vehicle 
and  debris  generated  from  the  Initial  mine  detonation.  As  the  vehicles 
decelerate,  the  assistant  drivers  are  assumed  to  be  the  only  defensive 
personnel  capable  of  immediate  response.  Each  assistant  driver  will  direct 
counter  fire  at  the  source  of  received  automatic  weapons  fire  (attackers 
designated  numbers  3  and  6).  After  both  attackers  with  automatic  weapons  are 
defeated,  defensive  fire  will  be  directed  at  attack  force  personnel  having 
RPGs .  After  all  vehicles  have  halted,  defenders  use  trucks  for  cover  and 
concentrate  counterfire  primarily  on  attackers  with  automatic  weapons.  When 
attackers  possessing  automatic  weapons  are  defeated,  fire  will  then  be 
directed  at  the  source  of  RPG  fire  (Attackers  1,  2,  4  and  5). 

3.2.8  Attacker  Strategy  Assumptions 

In  general.  Attackers  numbered  1,  2,  4  and  5  attempt  to  destroy  Trucks  1, 

2,  3  and  4,  respectively,  by  firing  RPGs  at  the  truck  engines.  After  trucks 
have  been  stopped,  the  attackers  use  the  RPGs  to  fire  at  rear  sections  of 
trucks,  attempting  to  destroy  either  personnel  or  weapons.  Attackers  3  and  6 
attempt  to  eliminate  defense  personnel.  Attacker  3  is  assumed  to  concentrate 
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fire  on  defense  personnel  in  Trucks  1  and  2,  while  attacker  6  attempts  to 
defeat  security  personnel  in  Trucks  3  and  4.  Attackers  3  and  6  will  place 
most  emphasis  on  hitting  both  drivers  and  assistant  drivers  before  firing  at 
additional  security  force  personnel  In  the  rear  section  of  Truck  2.  Fire  will 
not  be  directed  at  truck  fuel  tanks.  The  fuel  tanks  may  be  hit  from  indirect 
small  arms  fire,  but  will  not  be  considered  as  primary  targets. 

3.2.9  Aim  Point  Assumptions 

Aim  Points  Used  by  Attack  Force.  Attackers  employing  RPGs  use  the 
center  of  the  forward  engine  section  as  an  aim  point  when  attempting  vehicle 
destruction.  The  center  of  the  rear  canvas-covered  truck  bed  is  the  aim  point 
when  trying  to  hit  weapons  or  security  force  personnel.  Attackers  employing 
automatic  weapons  aim  at  the  center  of  defender  targets  whenever  those  targets 
can  be  visually  acquired.  Security  force  personnel  located  in  the  rear 
section  of  the  security  vehicle  cannot  be  seen  directly.  These  personnel  are 
therefore  attacked  by  spraying  the  rear  canvas-covered  truck  sections  randomly 
with  automatic  weapon  fire.  After  each  vehicle  has  stopped  and  defenders  have 
assumed  defensive  positions  behind  their  vehicle,  all  defenders  are  modeled  as 
fixed  aim  points. 

Aim  Points  Used  by  Defense  Force.  Attackers  are  assumed  to  be 
concealed  in  brush  and  surrounding  foliage.  Identification  of  the  exact 
location  of  the  Special  Operations  Team  members  is  therefore  difficult.  Key 
signatures  are  used  such  as  sound.  Intermittent  muzzle  flashes,  smoke,  and 
movement  to  identify  regions  in  which  attackers  are  located.  Defenders  direct 
automatic  weapon  fire  into  those  regions  which  they  have  Identified  as  the 
sources  of  fire  being  received.  Attackers  remain  in  preselected  positions 
throughout  the  20  second  duration  of  the  force-on-force  attack  sequence. 

3.2.10  Defense  Force  Weapon  Assumptions 

Drivers  in  each  vehicle  are  armed  with  M16  rifles.  The  firing  rate  is 
established  as  175  rounds  per  minute  for  the  20  second  encounter,  and  is  based 
upon  an  equal  combination  of  semi-  and  fully-automatic  firing  modes.  The  time 
required  to  exchange  magazines  was  also  incorporated  into  this  average  firing 


rate.  In  addition  to  the  drivers,  two  security  guards  in  the  rear  section  of 
Truck  2  are  also  armed  with  M16  rifles  and  are  assigned  the  same  firing  rate. 

Assistant  drivers,  or  guards,  and  three  security  personnel  in  the  rear 
section  of  Truck  2  are  armed  with  M60  machine  guns.  A  firing  rate  of  550 
rounds  per  minute  was  used  for  this  weapon.  Selection  of  this  firing  rate  was 
based  on  similar  factors  used  to  determine  the  firing  rate  used  for  the  M16. 

The  remaining  security  force  personnel  in  the  rear  section  of  Truck  2  are 
armed  with  the  M79  grenade  launcher.  The  M79  rate  of  fire  is  15  rounds  per 
minute.  A  lethal  kill  radius  of  5  meters  was  established  for  each  M79  round. 
Thus  an  attacker  would  be  considered  a  casualty  if  the  distance  between  the 
attacker  and  the  point  of  detonation  of  the  M79  round  was  less  than  or  equal 
to  5  meters . 

3.2.11  Attack  Force  Weapon  Assumptions 

Attackers  1  and  3  are  armed  with  the  AK47  rifle  with  an  average  firing 
rate  of  200  rounds  per  minute.  The  remaining  attackers  are  armed  with  an 
equivalent  RPG  weapon  with  firing  rate  of  5  rounds  per  minute.  RPGs  were 
assumed  to  be  armor  piercing  weapons,  effective  for  destruction  of  vehicles, 
should  vehicles  be  hit  in  the  forward  engine  section.  RPGs  were  not  modeled 
as  having  a  lethal  kill  radius  for  personnel  or  weapons,  because  the  canvas- 
covered  rear  section  of  the  truck  would  not  provide  projectile  detonation. 
Refer  to  Table  3.1  for  a  summary  of  weapon  types  and  associated  firing  rates 
for  weapons  used  for  both  the  attack  and  defense  forces  in  the  simulation. 

3.2.12  Attack  and  Defense  Force  Separation  Distance  Assumptions 

For  simplicity  in  simulation  input,  the  defense  force  and  attack  force 
are  assumed  to  reside  in  two  parallel  planes  75  meters  apart.  Thus,  the 
minimum  distance  between  and  attacker  and  defender  is  75  meters. 

3.2.13  Aiming  Error  Assumptions 

For  purposes  of  this  analysis,  weapon  accuracy  was  considered  to  be  a 
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rate.  In  addition  to  the  drivers,  two  security  guards  in  the  rear  section  of 
Truck  2  are  also  armed  with  M16  rifles  and  are  assigned  the  same  firing  rate. 

Assistant  drivers,  or  guards,  and  three  security  personnel  in  the  rear 
section  of  Truck  2  are  armed  with  M60  machine  guns.  A  firing  rate  of  550 
rounds  per  minute  was  used  for  this  weapon.  Selection  of  this  firing  rate  was 
based  on  similar  factors  used  to  determine  the  firing  rate  used  for  the  M16. 

The  remaining  security  force  personnel  in  the  rear  section  of  Truck  2  are 
armed  with  the  M79  grenade  launcher.  The  M79  rate  of  fire  is  15  rounds  per 
minute.  A  lethal  kill  radius  of  5  meters  was  established  for  each  M79  round. 
Thus  an  attacker  would  be  considered  a  casualty  if  the  distance  between  the 
attacker  and  the  point  of  detonation  of  the  M79  round  was  less  than  or  equal 
to  5  meters . 

3.2.11  Attack  Force  Weapon  Assumptions 

Attackers  1  and  3  are  armed  with  the  AK47  rifle  with  an  average  firing 
rate  of  200  rounds  per  minute.  The  remaining  attackers  are  armed  with  an 
equivalent  RPG  weapon  with  firing  rate  of  5  rounds  per  minute.  RPGs  were 
assumed  to  be  armor  piercing  weapons,  effective  for  destruction  of  vehicles, 
should  vehicles  be  hit  in  the  forward  engine  section.  RPGs  were  not  modeled 
as  having  a  lethal  kill  radius  for  personnel  or  weapons,  because  the  canvas- 
covered  rear  section  of  the  truck  would  not  provide  projectile  detonation. 
Refer  to  Table  3.1  for  a  summary  of  weapon  types  and  associated  firing  rates 
for  weapons  used  for  both  the  attack  and  defense  forces  in  the  simulation. 

3.2.12  Attack  and  Defense  Force  Separation  Distance  Assumptions 

For  simplicity  in  simulation  input,  the  defense  force  and  attack  force 
are  assumed  to  reside  in  two  parallel  planes  75  meters  apart.  Thus,  the 
minimum  distance  between  and  attacker  and  defender  is  75  meters. 

3.2.13  Aiming  Error  Assumptions 

For  purposes  of  this  analysis,  weapon  accuracy  was  considered  to  be  a 
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function  of: 

•  separation  distance  between  the  target  and  flrer, 

•  velocity  of  the  target,  and 

•  aiming  errors  Inherent  in  the  particular  weapon  employed. 

Environmental  factors,  such  as  wind,  were  not  considered.  Aiming  error 
inherent  to  the  particular  type  of  weapon  employed  was  determined  from 
references,  or  selected  based  on  expert  opinion. 

Any  change  in  separation  distance  between  the  firer  and  target  was 
assumed  to  effect  the  aiming  error  as  a  ratio  of  the  total  separation  distance 
over  the  standard  separation  distance.  The  calculation  of  the  modified  aiming 
error,  assuming  the  separation  distance  is  more  than  75  meters,  can  be 
illustrated  by  the  following  geometric  figure. 


AE  SAE 


I _ j^SDIST 

ADIST 

AE  (Aiming  Error)  at  distance  ADIST  is  given  by:  AE  =  SAE  *ADIST/SDIST . 

where:  SDIST  -  Standard  Reparation  Distance.  Distance  between  firer  and 
target  used  as  a  baseline  reference. 

SAE  -  Standard  Aiming  Error.  Radius  in  which  1/2  of  all  shots 
fired  are  expected  to  land,  assuming  a  distance  between 
firer  and  target  of  SDIST. 

ADIST  -  Actual  Distance  between  target  and  firer. 

AE  -  Aiming  Error  assuming  distance  between  firer  and  target 
is  ADIST. 

The  standard  aiming  error  is  expressed  as  a  distance  in  meters.  This 
distance  defines  the  radius  of  a  circle  in  which  one-half  of  all  rounds  fired 
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are  expected  to  hit.  The  aiming  error  used  for  automatic  weapons  was  0.5 
meters  when  the  separation  distance  was  75  meters.  Reference  1  indicates 
small  variations  in  aiming  error  exist  between  the  M16,  AK47,  and  M60; 
however,  ranges  given  for  aiming  error  of  these  weapons  significantly  depends 
on  the  firer's  training  and  environmental  factors.  The  aiming  error  values 
for  a  separation  distance  of  75  meters  were  averaged  for  each  automatic  weapon 
type.  The  value  of  0.5  meters  was  thus  selected  as  representative. 

Aiming  error  for  the  RPG  and  M79  were  calculated  as  1.12  meters  and  15 
meters,  respectively,  for  a  standard  separation  distance  of  75  meters. 

Due  to  the  average  target  velocity  of  20  KPH,  an  increase  to  the  static 
aiming  error  by  a  factor  of  1.5  was  used.  Table  3.1  summarizes  the  selected 
aiming  errors  associated  with  each  weapon  type  for  targets  in  a  moving  or 
static  state. 


Table  3.1  -  WEAPON  ASSUMPTIONS 

Weapon  Type  Target  Velocity  (KPH)  CEP  (M)  Firing  Rate  (R/Min) 


M16 

0. 

.5 

175 

AK47 

0. 

.5 

200 

M60 

0. 

.5 

550 

50  Cal 

0. 

.5 

550 

M79 

0. 

15. 

15 

RPG 

0. 

1.12 

5 

Ml  9 

0. 

.5 

450 

M16 

20. 

.75 

175 

AK47 

20. 

.75 

200 

M60 

20. 

.75 

550 

50  Cal 

• 

o 

CM 

.75 

550 

M79 

20. 

22.5 

15 

RPG 

20. 

1.68 

5 

M19 

20. 

.75 

450 

61 


3.3  INPUT  DATA  SUMMARY 


Refer  to  Appendix  A  for  a  complete  listing  of  Input  data  used  to  simulate 
the  scenario  previously  described.  Standardized  data  forms  which  aid  In 
organizing  the  large  amount  of  simulation  Input  data  are  also  included  In 
Appendix  A.  These  forms  help  insure  that  all  information  required  for  the 
simulation  has  been  obtained.  After  the  forms  have  been  completed,  the  model 
is  executed  and  form  information  entered  Interactively  in  the  same  order  that 
It  was  originally  written  on  the  forms.  Thus,  by  using  the  standardized  data 
forms,  an  analyst  having  a  minimum  amount  of  prior  computer  experience  may  be 
able  to  perform  a  SAS  simulation. 

3.4  SAS  OUTPUT 


Output  from  the  SAS  model  consists  of  probabilities  that  a  particular 
target  will  still  exist  after  a  fixed  amount  of  time  has  elapsed  from  the 
beginning  of  the  simulation.  Figure  3.16  shows  a  typical  SAS  output  listing 
for  the  analysis  of  the  baseline  ground  convoy  scenario  described  in  detail 
earlier  In  this  section.  Across  the  top  of  the  output  listing  is  time  elapsed 
in  seconds  from  the  beginning  of  the  simulation.  Output  is  printed  each 
second  for  the  first  20  seconds  into  the  simulation.  All  targets  are  listed 
in  the  column  nearest  the  left  hand  side  of  the  page.  The  remaining 
information  within  the  output  listing  gives  the  probability  that  each  target 
exists  after  a  given  amount  of  time  has  elapsed.  The  following  information  is 
supplied  to  help  correlate  the  targets  appearing  on  the  left  hand  column  of 
the  ouput  listing  with  those  mentioned  in  the  report  previously: 

D  represents  defender, 

A  represents  attacker, 

W  represents  weapon  (critical  component), 

K  represents  weapon  casing  and  container, 

G  represents  gas  tank  or  fuel  tank, 

E  represents  engine, 

T  represents  truck. 

The  first  number  on  the  far  left  is  the  target  number,  and  numbers 
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Figure  3.16  SAS  Output  Showing  Probability  Targets  Exist  With  Time 


following  characters  denote  the  specific  target.  For  example,  target  number 
18,  which  Is  given  by  D8T2,  represents  Defender(D)  8  on  Truck(T)  2. 

Figure  3.17  (a  and  b)  shows  the  conditional  probability  that  a  given 
number  of  targets  within  a  particular  group  remain  undestroyed  with  time.  The 
probabilities  for  Group  4  (Figure  3.17b,  Attackers)  are  the  conditional 
probabilities  that  a  specific  number  of  attackers  remain  with  time.  For 
example,  after  10  seconds  into  the  simulation,  the  probability  that  one 
attacker  has  been  killed  is  0.458.  Notice  that  probabilities  sum  to  one  for 
any  column  of  probabilities.  This  is  because  all  possibilities  are 
represented  (i.e.,  for  any  amount  of  elapsed  time  into  the  simulation,  the 
probability  that  no  attackers  have  been  killed  +  the  probability  that  one 
attacker  has  been  killed  +. . .+  the  probability  all  six  attackers  have  been 
killed  must  sum  to  1.).  The  figure  also  gives  the  expected  number  of 
attackers  killed  with  time.  For  example,  after  20  seconds,  approximately 
three  (2.64)  attackers  have  been  killed.  The  model  does  not  attempt  to 
establish  an  attack  or  defense  force  quit  criteria.  Definition  of  when  the 
engagement  terminates  is  left  to  the  analyst. 

Graphs  such  as  the  one  shown  in  Figures  3.18a  and  3.18b  may  be 
constructed  to  show  the  expected  number  of  targets  which  have  been  destroyed 
as  the  simulation  progresses  in  time.  This  graph  is  intended  only  as  an 
example  of  one  method  to  visually  display  SAS  results.  The  figures  from  the 
output  listing  do  not  necessarily  correspond  to  values  shown  on  the  graph. 
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FIGURE  3.17b  SAS  Output  Showing  Expected  Number  of  Targets  Destroyed  With  Time 


Figure  3.18a  Plot  of  Expected  Number  of  Targets  Destroyed  Versus  Time  From  Beginning  of  Simulation 


Figure  3. 18b  Plot  of  Expected  Number  of  Targets  Destroyed  Versus  Time  From  Beginning  of  Simulation 
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SECTION  4 


EXA^'.PLE  TER''.IMAIi  SESSION 


*  A  tycleal  user  teriflnal  session  Is  presented  to  illustrate 

*  how  SAS  *oijld  be  used  to  pertof^  analysis  of  the  exahrie  scenario 

*  presented  In  Chapter  •  ,  Exanpie  Application,  This  information  is 

»  intended  to  aid  the  user  in  understanding  the  SAS  date  entry  pro- 

«  cedure.  Cc:''iT'ents,  enclosed  in  asterlsics,  contain  explanatory 

*  rei.arxs, 

»  Following  the  normal  loo-on  procedure,  the  user  begins  the 

*  terminal  session  which  follows. 

SR'JN  SAS 

OF  INPUT  DATA  FILE? 
l^PUl .OAT 

FJOIFV  TAtGElF  ’'■F  R'JA?  '^-w:OCIFy,  R-RU’J 
R 

START  Time,  FM’  TIwE  FOR  S I w ULAT ION  OUTPUT? 

*  Since  this  Is  the  first  SAS  execution  of  this  scenario,  the 

»  data  base  files  have  not  been  initialized.  In  oroer  to  initialize 

*  these  files  prior  to  data  entry,  tne  user  presses  'Z'  while  holding 

*  fe  xey  downCdenoted  by  CTRL  Z).  After  data  base  files  nave 

*  teen  Initialized,  this  question  Is  acalh  asxed  and  at  that  point  the 

»  user  '111  enter  tne  startino  and  ending  simulation  times. 


CTRL  Z 

1- l.ntALIZ£  PRUEA'iU.nY  hATA  BASF. 

2- J -.ITI  ALJ  Zf  TAtC.El  OalA  PASE 

3- riTIALlZt  Al-  rCINT  hAiA  ^lASE 
A-r.XA'l-R  P“0R.  rf.JA,  oASi  VALUE 
5-:<jriFV  Pf.ue,  OA’A  BASS  VALUE 

1 

VA'ir  OF  PRCAA-ILITI  UAIA  BASE  FILE? 

.UAT 

l-r.'I7IALlZF  PRUPAPILIT/  1<ATA  BASE 
7-lirTALlZr  TAR&ET  DATA  nASE 

3- 1  IVIALI  Zs  AI  R'JInT  OAIA  dASE 

4- *AA"r.5,  R.-C"  .  DA’'.  BASE  VAL"e 

5- 'OniFf  Pr'd.  DATA  BASE  VALUE 
? 

NA-F  nr  NR*  TARGET  DATA  BASE  FILE? 
TA-GET.DAT 

1- 1  I'l  ialize  probability  data  base 

2- 1  'IIIALIZF  lAwOFT  U'-IA  BASS 

3- I-lTlALrZE  Al”.  POINT  DATA  BASE 
♦  -EXA'I’.E  P'^DB.  DATA  RASE  VALUE 
S-'opiFV  pp'ip,  DATA  BASE  VALUE 

3 

‘A'.E  UF  I.F*  AIW  PriI-.T  DATA  RASE  FILE? 
Aim. OAT 


69 


1- I-.'lTIALIZfi  PRD6»9ILnY  OATA  BASE 

2- I'n'IALIZ'  TArGfl  DATA  faASE 

3- 1  -ITIflLIZi  AI'A  FDINT  data  riASE 
A-t>4fT'.E  P4'0B.  DATA  bASE  YALUE 
5--‘r'i)IFV  Pri‘^,  UATA  BASE  VALUE 

tt*******r***^******t*********»********** *•*******************$******* ******** 

*  At  tills  point  the  user  has  Initialized  all  ot  the  data  files  » 

*  required  for  SAS  execution.  The  user  presses  'z'  wnlle  holdlnq  down  • 

*  toe  CTRL  >tey  to  end  data  base  Initialization.  ♦ 


ClRL  Z 

STAhT  Tl'lE,  E'-D  TIwE  Fn<f  SIMULATION  OUTPUT? 

l.u  20.0 

TI-<E  interval  at  which  RESULTS  ARE  DISPLAYED? 

l.'J 

NUviiE*-  OF  HtRDWARE  OPTIO'.  TITLES? 

3 

TTILE  1? 

SOT  ATTACK  O'.  GRCUKP  CO*'VOy 
TITLE  2? 

state:  TSA->SlTIjL 
"ITLE  37 
'lASELINF. 

';A>,f  .-IF  FILE  TO  CCVTAIN  RFSULTS? 

O  J  tP'JT.OA  r 

mA-iE  of  PA0=‘AS1LTTV  DATA  HASE  FILE? 
pt'OR .  lOA'l 

ItSGET  DATA  FIDE  n^ve? 
rASGFT.r'AV 

EilER  target  INFORMATIOK'. 
lARL'ET  .'.U  nER? 

1 

TARCfT  reSCRIRTlO':? 

Di  ri 

lARGET  lEIG-'T,  'IOT-i? 

1.2  .75 

RA-;nci''  OR  FTXFO  TARGET  AREA?  F-FIXED,  R-RANDOM 
F 

TARGET  AREA,  LOEP;  X  COOP,,  Y  COOH.7 
14b,  .1 

CAV  TARGET  FIFE?  Y-YES,  fi-NO 
Y 

iHPJs  TYPE? 

15 

'.ilfPEP  OF  ROU'-inS  AVAILABLE? 

360 

RESPO  ISF.  TIRE? 

7. 

AIM  FOILTSIORDEREO  HY  PRIORITY)? 

19  22  17  Id  20  21  0  0  0  0 

targets  DA.MAGa;0  RY  hitting  this  target? 

0000000000 

TARGFT  NU'-PER? 


I 
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TAHSET  OESCRIPTIOa!? 

D2T1 

lASGET  HEIGHT,  nlOTH? 

1.2  .75 

RANDOV  Oft  fIXEn  TAOGET  AREA?  F-FIXEO,  R-RANDOH 
f 

TARGET  AREA,  LOaER!  X  COQR.,  Y  COOR.? 

146.  .1 

can  target  FIRE?  Y-yCS,  N-NO 
Y 

•.rAPQM  TVRE? 

17 

OF  ROUNDS  AVAILASLF? 

300C 

RESPONSE  TIAE? 

2. 

AIA  PnlNISIOROP.ftpn  AY  PRIORITY)? 

19  22  17  16  20  21  0  0  0  0 

Targets  oahaged  bY  hitiiag  this  target? 

0000  0  0  0000 

tt********** t ********* ^t**************************************** ************* 

*  To  «vo1<l  unoscess^rv  repetition,  all  other  data  contalPie(l  in 

*  tne  taroet  oata  forfisIAnpenoix  A,  Fl'jure  A2)  for  those  targets  In 

*  their  initial  cosltlons  is  entereJ  in  a  similar  fasnlon,  ae  will  now 

*  continue  «ltn  entry  of  oata  for  tne  last  taroet  in  it's  initial 

*  eosltlon. 


TARGET  •.'J'bER? 

4e 

TARGFf  OESCRIPl lOn? 

A  6 

lARGtl  height,  a1PT“7 
.125  .125 

RAhOOH  Oft  FIXED  target  AREA?  F-FIXEO,  R-RAND01 
r 

rSRGFT  AREA,  l.O'.Ews  X  COOR,,  Y  COOH.? 

109.  0. 

CA'i  target  fire?  V-ltS,  N-NO 

V 

a'EAPu'.'  TYfc? 

16 

'.'I'oF.R  OF  ROUNDS  AVAILABLE? 

1000 

RESPOr.SE  TI'-'E? 

!>. 

AIM  PCIIMTSCOROEREI'  3Y  PRIORITY)? 

141013315117300 

TARGETS  damaged  PY  HITTING  THIS  TARGET? 

OOOOOOOOOO 

target  ..U''o«'h7 
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^t*^tt^^****t^t*^1t»4-$*t*4*tl**$ttt0t****t91ft*t4****t****»  ********************* 

*  AJi  t<<raet  information  on  the  target  data  forms  has  been 

»  entered  for  targets  in  tneir  initial  positions.  The  user  now  types 

*  a  'Z'  while  deoressing  the  CTRL  key  to  end  the  target  data  input 

*  section. 

*****t ******  *****9* ********************************************************** 

crR>,  z 

Air..  POINT  DATA  FILE  NAmE? 

AlN.PAT 

E.TER  Al^-.  POINT  IVFOR''«TTnN. 

Al..«  FPI'^T  NUI>^FR? 

1 

AI''  PGIM  description? 

0111 

kA.\OOV  or  FIXFD  ATM  POINT?  f-FIXED,  R-RANOOM 
F 

COORDINATES  OF  AIM  POINT  X,  T? 

146.375  .7 

rARGfTS  WHICH  FAY  FE  HIT  PV  FIRING  AT  THIS  AIM  POINT? 

155R9Cn  000OC'OO0O 
AT.  POIM  N'.rVnEK? 

2 

'  POIr  1  description? 

02T1 

RA-'DO"  OR  FIXED  AI-  POThT?  f-FlXEO,  R-RANDOM 

p 

C'DRyiNATES  OF  AIM  PCImT  X,  Y? 

146.375  .7 

TARGETS  WHICH  MAi  fit  HIT  el  FIRI-NG  AT  THIS  AIM  POINT? 

21589  (10  000000000 


*  Again  to  avoid  undue  repetition,  only  the  last  aim  point  will 

»  npw  be  entered.  All  other  aim.  oolnts  which  were  not  entered  ore- 

•  vlo'Jslv  are  entered  in  a  similar  manner. 


AIM  PPIf.T  FJMPER? 

4<t 

AIM  PriM  DESCRIPTION? 

EUR? 

S4Nur.>'  DR  KMEO  AI*  POK'T?  F-FTXED,  R-RAmDOm 

p 

ChORDlEATE.S  OE  AIR  POINT  X,  Y? 

116.2  .55 

TARGETS  .rilCH  RAY  PE  HTT  MY  FIRING  AT  THIS  AIM  POINT? 
4''  31  32  33  34  35  30  37  33  39  0  0  0  0  0  0 


*^**t:t*»*t»**»*^$^mtt»t*****^************************************************ 

•  To  end  the  aim  point  data  oatherlno  section  the  user  types  * 

♦  '7'  while  deoressino  the  CTRL  kev.  ♦ 


CTRL  z 

ENTER  STATiiS  CHA*'GE  1 1  E.gRw  at  iqn  , 
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«*««**«*«»««««*«***«««*«*«*•«***«;»»««*««««*««•**«**«**«***«***««•«*««*»»««««« 

*  Status  cnance  Infor-atlon  Includes  both  the  target  data  for 

*  aU  taroets  In  tnelr  non-lnltlal  positions  end  the  status  change  time 

*  a"?  taroet  numners  In  tne  inout  data  forms. 

*•»«« *«««** ***«*********«««**««**«»**«*«**«***«««««« 


T!>PGET  NU'-bER? 

47 

TARGET  DE.srRlPTIOr.'? 

•J1T1P/ 

TARGET  REIGt.T,  hlOT';? 

.15  .25 

RAi'.OO'  OR  FIXED  TfRGFT  ARFA?  F-FIXFh,  R-RANDO**. 
F 

TARGET  ARSA.  t.Oi'ER:  X  COOR.,  Y  COOR.? 

Ufci.  -.5 

CA>.  TARGET  FIRE?  Y-YFS,  •l-MO 
Y 

<i£APCV  TY^'E? 

4 

NJ^'^EP  OF  P.'U'  DS  A  YMi.Anot? 

3A0 


♦  Aotlce  that  RESPONSE  TIME  is  no  lonoer  reoulred  for  taroets 

♦  in  their  nor.-lnltlal  oositlons.  In  place  of  response  time,  an 

♦  initial  delay  Is  reauesied  later  in  tne  interactive  terminal  session, 

»  This  delay  is  not  relative  to  tne  oeolnnino  of  the  simulation,  as  is 

♦  response  tl'e,  rather  it  is  relative  to  the  time  at  which  the  taroet 

»  status  cnsh'ie  occurs. 


Alv,  FOI'lSCriRPiRtn  PRIORITYIY 

IR  22  17  IF  20  71  u  0  0  0 

TAkCFiS  Dl'oGEO  by  ilTlIxG  This  TARGET? 

0  0  C  0  0  0  0  0  0  0 

status  Ct-Ai-GF  TIME,  IvITIAL  DELAY,  OLD  TARGET  NUMBER? 
5.  0.  1 

lARC-E'l  AUVPER? 

4A 

TAPGtT  CESCRIPjTO'? 

:)2I  1F2 

TARGET  HFIGRT,  •'IDTH? 

.15  .25 

Rtr.DO'i  OR  FIXED  lARGtT  AREA?  F-FIXED,  R-RANDOM 
F 

TARGET  AREA,  LO*tR:  X  COOR.,  Y  COOR.? 

155.750  -n.A 

cay  target  FIRF?  Y-YF3,  N-.JO 
Y 

-IFAPO'J  TYRE? 

6 

I'MER  hr  ROU-Oi;  AVAILABLE? 

300n 
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M.".  P'.U.‘iTS(ORt)E(»rr>  RY  PRIORITY)? 

19  ?2  IV  lb  20  21  0  0  0  0 

T4RCH5  P«i^AG';0  KY  KITTI-.G  THIS  TARGET? 

OOOOCOOOOO 

STATUS  CiiANGE  TIRE,  INITIAL  DELAY,  OLD  TARGET  NUMbER? 

5.  0.  2 

*********** b*******************************************^********************** 

♦  To  avoid  unnecessary  repetition,  only  tne  data  for  the  last  ♦ 

♦  non-lnltlal  taroet  »lll  be  given.  * 


TARGEI  DESCRIPTION? 

At>P2 

lARGET  HEIGHT,  WIDTH? 

.125  .125 

random  ok  fixed  target  area?  f-fixed,  r-randoh 

p 

TARGET  AREA,  LOaER;  X  CDOR.,  Y  COOR . ? 

109.  0. 

CA:;  TARGET  FIRE?  Y-YES,  H-MO 
Y 

wEAPQ-.'  TYPE? 

5 

•i'lMHER  Of  RDU'.’DS  AVAILASL'"? 

tooo 

Al'l  POIMSIORl/EHED  AY  PRIORITY)? 

•1?  3P  41  3)  2a  30  31  37  33  34 

TARGETS  PAI'AGFD  PY  RITTI^vG  THIS  TARGET? 

0  000000000 

STATUS  ChArGE  IIFE,  I'JlTlAL  DELAY,  OLD  TARGET  MlvefR? 

10.  0.  4P 


After  all  status  chance  InforTiatlon  has  been  entered,  tyoe 
*'*'lie  nol'ilps  down  the  CTRL  Aey, 


CTRL  7 

M.'-.ntF  OF  TARGETS  I'.  GROUP? 

9 

TSRG'’TS  for  /RICH  CHMiJT  ID«!AL  PRORAelLITY  SHOULD  BE  DISPLAYED? 
49  50  51  f9  70  71  79  BO  81 


The  flrsr  target  group  corresponds  to  all  weapon  targets.  ♦ 
notice  that  tne  final  target  nuaioers  are  used  when  speclflng  the  tar-* 
get  crouo.  not  tne  Initial  nu-"bers.  » 


-I'jNHER  OF  TARGETS  IN  GROUP? 
a 

TARGETS  FDR  FHICh  CONDITIONAL  PRC9AH1LITY  SHOULD  BE  DISPLAYED? 
57  53  54  72  73  7A  S7  03  34 


f 


«««*««««**•«««****««*****•«««*«**«*•*««*«***««****«»«««*«**«««»««*«**«««****** 
«  The  second  aroup  specifies  all  weapon  containers  which  If  nit* 

♦  would  result  In  a  posslole  weapon  relectlon.  • 

***»♦♦»♦•♦**«*♦»♦♦**♦*♦♦**♦♦**♦*•♦♦♦♦**♦»*»*♦****♦»♦*»»****»**♦♦*♦*****»**♦*•» 

‘."JwSEB  OF  targets  Iw  GROUP? 

14 

TARGETS  FOR  JilrilCH  CONniTIQ'iAL  wROBAHIlilTT  SHOULO  BE  DISPLAYED? 

4?  48  57  58  59  60  61  62  63  64  67  68  77  78 

WAVwawAAWWWtAA************************************^*************************** 

♦  The  third  group  of  targets  correspond  to  the  set  of  defend-  ♦ 

♦  ders.  * 

•AWWAwaAAAttWt******************************************************** ***««««* 


NUMBER  OF  TaRGEIS  In  GROUP? 

6 

TARGETS  FCR  wHlCh  C INn I 'lO'l AL  PROBABILITY  SHOULD  BE  DISPLAYED? 

87  68  89  9h  91  92 

««a««W*«****A««*«*A**««A**«*»*«**«*«»«****««***»»****«*«**********»****«*****« 

•  The  fourth  group  corresponds  to  all  attacker  targets.  * 


NUrBEK  Of  lARGFrs  IN  GROUP? 

♦ 

TARGETS  FGR  WHICH  CCNDlTItiNAL  PROBAPILITY  SHOULD  PE  DISPLAYED? 
56  66  76  B6 


The  fifth  group  contains  all  vehicle  engines.  * 

fAwawwAwAwaaawAfwwwwwaAAAAw************************************************** 


The  user  has  now  specified  all  target  groups  he  wishes  to  * 
consider  tor  tnis  simulation,  it  so  haooens  that  in  this  case  the  * 

maximum  number  of  oroupstS  groups)  was  desired,  when  the  maximum  * 

numper  of  grours  nave  been  chosen,  the  itooel  auton atlcally  proceeds  * 
to  the  next  data  Item.  Since  tne  target  groups  are  the  last  data  * 
Item  to  enter  Pefore  the  simulation  Is  run,  this  Is  all  the  user  has  ♦ 
to  Incut  for  tniE  examole.  Should  you  desire  fewer  target  arouos,  * 
this  Input  loop  may  be  terminated  by  entering  'Z'  wnlie  noldlng  the  • 
CTRL  xev  down.  * 

»**W«ia*A«*y«A«««*WA««A««*a*A*««*a******«A«»*»**«*A**«*f****«**«*****«««**«*«* 


w««aw**A«*w«wwwA«««w«4aA**««**«*««*********«********«****««****«*««««*«**«**« 

The  simulation  is  complete  when  a  's'  promot  is  returned  to  ♦ 
tne  user's  terminal.  Simulation  output  can  be  found  in  the  output  • 

file  specified  by  the  userdn  this  case  tne  file  OUTPUT.DAT  was  used.* 

The  user  may  type  tr.e  file  to  his  screen  by  typing  TYPE  OUTPUT.DAT  or* 

may  Ust  the  contents  of  the  file  on  the  line  printer  oy  typing  • 

PRINT  OUTPUT. DAT  atter  the  'S'  prompt.  * 

A  sa  •■.''le  of  the  output  for  this  example  Is  presented  in  Figure  *.  * 

AttA*aa*wA****«*«A«***«****a****«a**««*aa**«***«***««***«******«**«***«****** 
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APPENDIX  A 


STANDARDIZED  INPUT  DATA  FORMS 


Input  Information  required  for  SAS  execution  is  classified  into  three 
areas:  target  data,  aim  point  data,  and  other  input  data.  Other  input  data 
consists  of  all  data  which  is  not  related  to  target  or  aim  point  data 
directly.  The  target  data,  aim  point  data  and  input  data  files  will  be  used 
to  store  all  required  input  for  a  SAS  simulation.  To  facilitate  obtaining  and 
entering  the  large  amount  of  data  required  for  a  typical  SAS  execution, 
standard  data  forms  have  been  specifically  designed  to  obtain  the  required 
data  for  each  of  the  three  Information  categories.  Examples  of  blank  data 
forms  to  gather  necessary  target  data,  aim  point  data  and  other  input  data  are 
presented  in  Figures  A.l  (a  through  e).  The  input  data  forms  are  useful  in 
organizing  input  data  and  assuring  the  analyst  that  all  necessary  data  has 
been  obtained  prior  to  execution  of  the  SAS  simulation.  After  data  forms  have 
been  filled  out  and  the  SAS  model  is  executed,  the  data  on  the  forms  is 
entered  interactively  in  the  same  order  which  it  is  filled  in  on  the  form. 

The  information  which  is  required  for  each  data  form  is  contained  in 
completed  data  forms  for  this  particular  example,  which  are  presented 
separately  in  Figure  A. 2  (a  through  q). 
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INPUT  DATA  FORM,  page  I 


Name  of  Input  data  file  (10  chars,  max.)?  _ 

Start,  end  time  for  simulation  output?  _ 

Time  interval  at  which  results  are  displayed?  _ 

Number  of  hardware  option  titles  (1-5)?  _ 

Hardware  option  title  1?  _ 

Hardware  option  title  2  (if  no  more  titles,  leave  rest  of  option  titles  blank)? 


Hardware  option  title  3  (if  no  more  titles,  leave  rest  of  option  titles  blank)? 


Hardware  option  title  4  (if  no  more  titles,  leave  rest  of  option  titles  blank)? 


Hardware  option  title  5  (if  no  more  titles,  leave  rest  of  option  titles  blank)? 


Name  of  file  to  contain  results  (10  chars,  max.)?  _ 

Name  of  probability  data  base  file  (10  chars,  max.)?  _ 

Target  data  file  name  (10  chars,  max.)?  _ 

(File  out  Target  Data  Form  next) 


Figure  A. la  Data  Forms  Used  to  Acquire  SAS  Input  Data  (Input  Data  Form,  page  1) 
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Figure  A. lb  Data  Forms  Used  to  Acquire  SAS  Input  Data  (Target  Data  Form) 


TrtrgtftJ*  which  jn.iy  he  lilt  by  firing  nt  this  aim  I'olnt 


Figure  A. Ic  Data  Forms  Used  to  Acquire  SAS  Input  Data  (Aim  Point  Data  Form) 


Old 

Target 

Number 

New 

Target 

Number 

Status 

Change 

Time 

Delay 

Time 

If  all  status  changes  have  been  entered,  fill  out  Input  Data  Fomi  -  Page  3,  otherwise 
continue  entering  status  changes  on  new  Input  Data  Form  -  Page  2. 


Figure  A. Id  Data  Forms  Used  to  Acquire  SAS  Input  Data  (Input  Data  Form,  page  2) 


INPUT  DATA  FORM,  page  3 


Number  of  targets  in  Group  I?  _ 

Target  numbers  in  Group  I?  _ 

Number  of  targets  in  Group  2?  _ 

Target  numbers  in  Group  2?  _ 

Number  of  targets  in  Group  3?  _ 

Target  numbers  in  Group  3?  _ 

Number  of  targets  in  Group  4?  _ 

Target  numbers  in  Group  4?  _ 

Number  of  targets  in  Group  5?  _ 

Target  numbers  in  Group  5?  _ 

Number  of  targets  in  Group  5?  _ 

Target  numbers  in  Group  6?  _ 

Number  of  targets  in  Group  7?  _ 

Target  numbers  in  Group  7?  _ 

Number  of  targets  in  Group  3?  _ 

Target  numbers  in  Group  3?  _ 

Number  of  targets  in  Group  9?  _ 

Target  numbers  in  Group  9?  _ 

Number  of  targets  in  Group  10?  _ 

Target  numbers  in  Group  10?  _ 

When  all  target  groups  have  bean  entered,  all  data  required  for  the  simulation 
is  complete. 


Figure  A. le  Data  Forms  Used  to  Acquire  SAS  Input  Data  (Input  Data  Form,  page  3) 
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INPUT  DATA  FORM,  page  1 

Name  of  input  data  file  (lO  chars,  max.)?  INPUT . DAT _ 

Start,  end  time  for  simulation  output?  1.0  20.0 _ 

Time  interval  at  which  results  are  displayed?  1 ,0 _ _ 

Number  of  hardware  option  titles  (l-5)?  _2 _ 

Hardware  option  title  1?  SOT  ATTACK  ON  GROUND  CONVOY _ 

Hardware  option  title  2  (if  no  more  titles,  leave  rest  of  option  titles  blank)? 

STATE;  TRANSITION _ 

Hardware  option  title  3  (if  no  more  titles,  leave  rest  of  option  titles  blank)? 

Hardware  option  title  U  'if  no  more  titles,  leave  rest  of  option  titles  blank)? 

Hardware  option  title  5  (if  no  more  titles,  leave  rest  of  option  titles  blank) ^ 

Name  of  file  to  contain  results  (lO  chars,  max.)?  OUTPUT . DAT _ 

Name  of  probability  data  base  file  (lO  chars,  max. )?  PR0B.DAT _ 

Target  data  file  name  (10  chars,  max.)?  TARGET . DAT _ 

(File  out  Target  Data  Form  next) 


Figure  A. 2a  Completed  Input  Data  Form,  Page  1 
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Figure  A. 2b  Completed  Target  Data  Form,  Targets  1-13 


entering  target  data  Informat 


Figure  A.2e  Completed  Target  Data  Form,  Targets  AO-52 


Completed  Target  Data  Form,  Targets  53-65 


Mk^£iK>i-''.»r-'  -M. 


Hh 


PPMuli 

■I— bmB 


X  Z  Z  Z 


Figure  A.2g  Completed  Target  Data  Form,  Targets  66- 


Figure  A.2h  Completed  Target  Data  Form,  Targets  79-91 


Figure  A. 21  Completed  Target  Data  Form,  Target  92 


Targets  which  may  be  hit  by  firing  «t  this  aim  point 


Figure  A.2j  Completed  Aim  Point  Data  Form,  Aim  Points  1-13 


Input  Oatn  Form  -  Pngp  2,  otl» 
n  on  n€W  Him  point  rlAt«  form. 


Targets  which  may  be  hit  by  firing  at  this  aim  point 


O  C  9  4.* 
®  2 

VO  ^ 


•o  V  B  « 
b  X  e 
o  o  V 


Figure  A. 21  Completed  Aim  Point  Data  Form,  Aim  Points  27-39 
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A0-A116  922  JAYCOR  ALBUQUERQUE  NM  P/Q  15/7 

USER«S  QUIDE  FOR  THE  SAS  (STANO-OFP  ATTACK  SIMULATION)  COMPUTER— ETC (U) 
JAN  62  C  M  CLARK*  J  T  HUMPHREY*  L  W  KENNEDY  DNA001-79-C-OA63 

DNA-5845T  NL 


UNCLASSIFIED 


A.2in  Completed  Aim  Point  Data  Form,  Aim  Points  40 


Old 

Target 

^!uaber 

Kev 

Target 

Number 

Status 

Change 

Time 

Delay 

Tine 

47 

3.0 

0. 

2 

ns 

5.0 

0. 

3 

- 1 

49 

5.0 

0. 

u 

50 

5.0 

0. 

5 

51 

5.0 

0. 

6 

52 

5.0 

0. 

7 

55 

5.0 

0. 

8 

54 

5.0 

0. 

9 

55 

5.0 

0. 

10 

56 

5.0 

0. 

n 

57 

6.67 

0. 

12 

58 

6.67 

0. 

u 

59 

6.67 

0. 

14 

60 

6.67 

0. 

13 

61 

6.67 

0. 

16 

62 

6.67 

0. 

17 

63 

6.67 

0. 

18 

64 

6.67 

0. 

19 

65 

6.67 

0. 

If  All  status  changes  have  been  entered,  fill  out  Input  Data  Form  -  Page  3,  otherwise 
continue  entering  status  changes  on  new  Input  Data  Fona  -  Page  2. 


Figure  A.2n  Completed  Input  Data  Form,  Page  2,  Targets  1-19 


If  all  status  changes  have  been  entered,  fill  out  Input  Data  Fom  -  Page  3,  othervlae 
continue  entering  status  changes  on  new  Input  Data  Fona  -  Page  2. 


Figure  A.2o  Completed  Input  Data  Form,  Page  2,  Targets  20-38 
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Old 

Target 

Number 

New 

Target 

Number 

Status 

Change 

Time 

Delay 

Time 

39 

85 

10.0 

0. 

40 

86 

10. 0 

0. 

41 

87 

5.0 

0.  • 

42 

88 

6.67 

0. 

43 

89 

5.0  , 

0. 

44 

90 

8.33 

0. 

45 

91 

10.0 

0. 

46 

92 

10.0 

0. 

.. 

- 

If  all  statue  chaagea  have  been  entered,  fill  out  Input  Data  Fora  -  Page  3,  othervlac 
continue  entering  etatua  changes  on  nev  Input  Data  Fora  -  Page  2. 


Figure  A.2p  Completed  Input  Data  Form,  Page  2.  Targets  39-46 


INPUT  DATA  FORM,  page  3 


Number  of  targets  in  Group  1?  _9 _ 

Target  numbers  in  Group  1?  49  50  51  69  70  71  79  80  81 


Number 

of  targets 

in  Group 

2? 

9 

Target 

numbers  in 

Group  2? 

53  54 

72 

73 

74  82  83  84 

Number 

of  targets 

in  Group 

3? 

14 

Target 

numbers  in 

Group  3? 

47 

48  57 

58 

59 

60  61  62  63  64  67  68  77  78 

Number 

of  targets 

in  Group 

U? 

6 

Target 

numbers  in 

Group  U? 

87 

88  89 

90 

91 

92 

Number 

of  targets 

in  Group 

5? 

4 

Target 

nmbers  in 

Group  5? 

56 

66  76 

86 

Nvimber 

of  targets 

in  Group 

6? 

Target 

numbers  in 

Group  6? 

Number 

of  targets 

in  Group 

T? 

Target 

numbers  in 

Group  7? 

Number 

of  targets 

in  Group 

3? 

Target 

numbers  in 

Group  8? 

Number 

of  targets 

in  Group 

9? 

Target 

numbers  in 

Group  9? 

Number 

of  targets 

in  Group 

10? 

Target 

numbers  in 

Group  10? 

Figure  A.2q  Completed  Input  Data  Form,  Page  3 
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APPENDIX  B 


GENERAL  MODEL  INFORMATION 

B.l  SAS  MODEL  FLOW  STRUCTURE 

The  SAS  computer  model  consists  of  a  main  executive  routine  and  five 
subroutines.  The  major  function  of  the  executive  routine  is  to  modify  the 
probability  of  target  existence  array  and  schedule  the  next  event  to  occur  as 
the  simulation  progresses.  The  main  routine  directly  communicates  with  three 
of  the  five  subroutines.  Subroutine  GINPUT  is  the  first  routine  called  by  the 
main  program.  GINPUT  is  called  to  obtain  all  necessary  input  required  to 
perform  the  simulation.  This  routine  also  Insures  that  probabilities  of  hit 
have  been  computed  for  all  target/alm  point/firer  combinations  when  targets 
are  in  their  initial  positions. 

As  the  simulation  proceeds,  requests  to  modify  the  status  of  certain 
targets  will  occur.  Subroutine  STATCHG  is  called  to  Insure  the  parameter  data 
describing  the  new  target  status  has  been  stored  and  probabilities  of  hit  are 
computed  for  the  target  whose  status  has  been  modified. 

After  the  simulation  has  finished,  subroutine  CONDPRO  is  executed  to 
evaluate  the  expected  number  of  targets  destroyed  and  conditional  probability 
that  a  fixed  number  of  targets  remain  with  time. 

Subroutine  GETPTH  is  called  from  both  subroutines  GINPUT  and  TAREXEC. 
Subroutine  GETPTH  determines  the  probability  of  hit  for  a  specific  target, 
flrer,  and  aim  point  combination. 

Subroutine  TAREXEC  is  called  from  subroutine  STATCHG.  Subroutine  TAREXEC 
is  used  to  handle  data  base  storage  and  retrieval  of  information  required  to 
perform  the  target  status  change.  Once  the  proper  Information  describing  the 
new  target  status  has  been  obtained  and  stored,  subroutine  GETPTH  is  called  to 
evaluate  the  probability  of  hit  for  the  status  change  target. 


The  general  flow  structure  of  routine  calls  within  the  SAS  model  Is 
summarized  In  Figure  B.l. 

B.2  STORAGE  REQUIREMENTS 

SAS  creates  a  direct  access  data  base  file  used  to  store  probability  of 
hit  for  each  combination  of  target,  aim  point,  and  flrer.  Disk  storage 
requirements  used  to  store  the  SAS  program  source  code,  object  code,  and  data 
base  file  are  approximately  20K  blocks,  where  each  block  contains  512 
bytes  or  characters.  The  amount  of  storage  required  depends  on  the  complexity 
of  ::he  simulation.  The  estimate  of  20K  blocks  Is  based  on  a  simulation  with  a 
comparable  level  of  detail  as  the  example  presented  In  Section  3. 

B.3  SYSTEM  CONFIGURATION 


The  SAS  model  was  developed  on  a  VAX  11/780  computer  system  utilizing  the 
following  peripherals: 

Memory:  768K  bytes  Extended  Core  Storage  (ECC) 

MOS  memory  (with  floating  point  accelerator) 

Disk  Drives:  RM03-67  megabyte  hard  disk  drive 

Printer:  LP05-600  lines  per  minute 

Terminal;  VT-100 

The  operating  system  used  while  running  the  SAS  simulation  model  was  the 
VAX/VMS  virtual  memory  operating  system. 

B.4  SOURCE  LANGUAGE 

The  SAS  computer  model  Is  written  entirely  In  extended  VAX  FORTRAN  IV. 
Although  an  extended  type  FORTRAN  was  used,  an  attempt  was  made  to  minimize 
the  use  of  Instructions  which  would  not  be  available  in  ANSI  standard  FORTRAN, 
thus  allowing  the  code  to  be  transferred  to  another  type  computer  more  quickly. 
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Main  Program 


Figure  B.l  SAS  Routine  Flow  Structure 


APPENDIX  C 


DOCUMENTED  SAS  CODE  LISTING 


C.l  INCLUDE  FILE 

The  Include  file  used  by  SAS  contains  a  set  of  parameter  statements  used 
to  define  array  dimensions  and  selected  variable  values  used  by  the  SAS  model. 
Should  the  size  of  an  array  need  to  be  altered  by  the  user  for  a  particular 
application,  the  user  may  appropriately  adjust  the  array  dimension  parameters 
defined  in  the  Include  file  without  modifying  the  SAS  model.  The  model  may 
then  be  recompiled  and  executed  with  the  new  array  dimensions  used.  Whenever 
the  statement  INCLUDE  'W.INC'  appears  in  the  documented  SAS  computer  listing, 
all  statements  contained  in  the  Include  file  are  Inserted. 


C 

C 


C 


C 

C 

C 


C 


W.INC  —  Constants  used  in  SAS. 


PARAMETER 

MAIMPRY 

=  10 

PARAMETER 

MAIMPTS 

=  60 

PARAMETER 

MGROUPS 

»  10 

PARAMETER 

WSEEDl  = 

23 

PARAMETER 

WSEED2  = 

:  41 

PARAMETER 

WSEPOIS 

-  75 

PARAMETER 

WSHOTS  - 

100 

PARAMETER 

WSTATC  = 

99 

PARAMETER 

WTARGS  = 

140 

PARAMETER 

WICOLAT 

=  15 

PARAMETER 

MTMITGA 

=  16 

PARAMETER 

MTITLEL 

=  30 

PARAMETER 

MTITLES 

=  5 

PARAMETER 

MTMINTS 

=  20 

PARAMETER 

MWTYPES 

»  22 

end 

of  W.INC 

• 

!  Maximum  number  of  aim  points  per 
!  target,  ordered  by  priority 
!  Maximum  number  of  aim  points 
!  Maximum  number  of  groups  in  TGROUPS 
!  Initial  seed  value  for  RANDU 
!  Initial  seed  value  for  RANDU 
!  Minimum  separation  distance 
!  Number  of  shots  fired  to  find  a 
!  probability  from,  using  Monte  Carlo  techniques 
!  Maximum  number  of  status  changing  targets 
!  Maximum  number  of  targets 
!  Maxluium  number  of  collateral  targets 
!  destroyed  when  a  target  is  destroyed 
!  Maximum  number  of  targets  than  can  be 
!  hit,  given  an  aim  point 

!  Maximum  length  (in  2-byte  words)  of  hardware 
!  option  title 

!  Maximum  number  of  hardware  option  titles 
!  Maximum  number  of  time  Intervals 
!  Maximum  number  of  weapon  types 


C.2  DOCUMENTED  SAS  CODE  LISTING 

A  documented  code  listing  of  the  SAS  computer  model  is  provided  in  this 
section.  Th6  listing  is  Intended  for  the  reader  who  desires  specific  details 
on  the  operation  of  the  model. 
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PRC  jK.i 

n  SAS 

T* 

C^UO 

E  * .  r 

NC' 

c  1 

/Ll/ 

^rifpi  M .  r'/b'cs) 

s-  '  ' 

..  .AQ., 

/17/ 

APATEl'^' '■TYPES) 

n  , 

»•  A  3  -t 

/LI/ 

PTE'KTSl'fv  rARyS) 

C  ) 

■*  UVJ 

E'.t'NTr'U'ITARGS) 

cn 

/Lb/ 

>)"HTAP(-'T\HGS) 

C  J 

A  r )  -J 

/Ll/ 

lTAPOt.S(«T  ARGS,  5) 

C  1 

»c  I 

/LH/ 

T.'-RCHflR( TARviS,  6) 

CO 

‘  i  'G 

/LI/ 

.1  iTYPFC  "TA.AGS) 

C  0 

-1  -'-O-i 

/LIO/ 

bROU'ipSCJTAPGS) 

mi 

/Ll  1  / 

■  A  1,-03  -;  (  -  r  APGS,  "M  *.PRY) 

c  ■■n  i 

/L\7/ 

■  TCn'.ATl-JTAPG.A, 

'TCCLAT) 

Cl  G  ■' 
Q:.y .  0  ; 

/L13/ 

/  '„  1  4  / 

l'“AI  -=(  Al'-?1,5) 

1 A  r-- ,:•.«(  Ai  '  OTS, 

b) 

cm  V. 

C ■ '*  Ll 

/Lib/ 

/L16/ 

1I''C  '4R(  -Al'  PfS, 

•  TNITGAC  Al  'OfS, 

4) 

rd  1  rcA) 

C  .•'•■O'! 

/L17/ 

PESULTSC  ■•i'ARGS,  ' 

•f-l  TS) 

/L18/  PTARWI  rC-T^OGS,  *At'*PSy, 


CCiM'.<aN  /L19/  f.A‘E0FF(5) 


lAltunino  error  array, 
t'eaooT  flrlm  rate  array. 
IProbablllty  that  a  oertlcular 
1  taroet  exists  with  time. 
IFVeNrT-UI)  -  Next  status 
1  chahoe  event  time  for  tar- 
!  oet  I. 

lArray  of  taroet  numbers, 
lArrav  of  10  character  taroet 
!  fiescrlotlons , 
lArrav  contalnlno  target  fJata. 

J Array  containing  firer's 
!  veanon  type. 

•  ‘'umber  of  rounds  available  to 
!  each  f irer . 

'.Array  llstlno  aim  points  by 
1  priority  for  each  flrer. 

1  ►iAl.'tPRyC  I  ,  1  thru  MAIMPPY) 

1  contains  all  aim  points  for 
1  flrer  r,  »ltn  naikpryi T, i ) 

!  being  most  Important, 

!  '.A tmpry ( 1 , 2 )  being  second, 

1  ana  so  on. 

lArray  soeclflng  targets  which 
1  may  be  collaterliy  damaoed, 

1  ‘ITC0LAT(X,1  thru  MTCOLAT) 

J  contains  all  'targets  which 
1  may  be  collaterliy  damaged 
t  bv  nlttlng  target  MIvtar(I). 
Mrray  of  aim  oolnt  numcers. 
lArray  of  10  character  aim  point 
1  -iescribtlons. 

1  array  of  aim  ooint  data. 
lArray  soeclflno  a  list  of  tar- 
1  gets  'wnlch  could  be  hit  by 
1  firing  at  aim  point 
1  .VUxMbPll ) . 

lArray  useo  to  store  simulation 
1  results.  «€St.l,/S(I,J)  »oiild 
1  contain  the  orooaoillty  that 
1  target  1  would  still  exist 
1  after  J  time  intervals  have 
1  elaosed, 

HiTGAj  lArrav  used  to  store 
1  crobanllltles  of  hit, 

!  ptapkctC t, J,K)  contains  the 
1  the  orooablllty  that  flrer 
!  ':U'TARCI)  fires  at  aim  ooint 
I  Tj'AidPCJ)  and  hits  target 
J  'iUmTARCK). 

•Name  of  output  file  where 
t  results  are  to  be  written, 

1  maximum  of  10  characters. 
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prsi.  prexsv  c^TAPCS) ,  ri 


I  ;TrGF:«  NFIOXC^TAKGS) 


CHAojctEP  *2  At-EOPF,  MA^'FIPr,  U.^EOflF, 
1  I’‘APDtS 


!  ulatlon. 

JPIEXSV  Is  used  to  tenporarl Iv 
!  save  the  piexist  array  while 
!  co'T'Putlm  collateral  damage 
J  effects. 

1  PTI‘'E  Is  used  to  orlnt  out 
!  time  headings  In  results 
!  outout. 

INFIOX  Is  an  array  used  to  determine 
!  the  Index  o£  the  next  at- 
I  tacXer  or  defender  to  fire 
!  Entries  Into  the  NFir.X^  array 
!  are  pointers  Into  the 
1  PTSXIST  and  MUhTAR  arrays. 
'fAFEThF,  UA“EADF.  lAIVDES, 


Initialize  alnmlnj  error  for  eacn  .eacon  tyoe. 


0  3 

'CEP/O.S 

.  0.5, 

0.5, 

0,5.  0.5,  0.5. 

0.5,  0.5, 

15.0,  1.12,  0.5, 

1 

6.75. 

0.75, 

0.7  5 

.  0.75,  0.75,  0 

.75,  0.75, 

0.75,  22.5, 

2 

1.63. 

0.7', 

1.0, 

1.0,  1 . j ,  1.0, 

1.0,  1.0, 

1.0,  1,0,  30.0, 

3 

2.24, 

1.0/ 

Initialize  firing  rate  for  each  weacon  tyoe. 

DATA  -RATF/I .714,  o.3'6,  A.n,,  0.313,  0.3,  0.109,  6.0,  0,109,  4.0, 

1  12.'.',  0.133,  t.tli,  6.316,  ‘..316,  0.343,  0.3,  0.109, 

2  6.0,  0.10  4,  -t.f,,  12.0,  h.l33,  1.714,  6. 314,  6.316,  3.0,  1.2, 

3  1,2,  6.n,  0.1  >9,  4..1,  12.0,  0,133/ 


Initialize  ■axlTU”  /»acon  xlll  rail'is  for  eacn  weapon  tyoe. 


U3T'. 

0.0. 

•0,0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

5.0, 

0.0,  0.0, 

1 

0.0.  0.0, 

0.0, 

0.0. 

0.0, 

0.3, 

0.0, 

O.'O, 

5.0, 

0.0, 

0.0, 

2 

u .  0 ,  0 .  n . 

0.0. 

0.0. 

0.0, 

'■.h. 

0.0, 

0.0, 

5.0, 

0.0, 

0.0/ 

Gl  .PUT  Is  called  to  Insure  all  data  nas  oeen  obtained  for  the  simula¬ 
tion  nnn  all  nnnbaollltles  of  hit  nave  been  determined, 

C..U(,  dl-'P.fT 

tf  ah  error  o-cured  »nHe  ootalnlhg  Inoot,  branch  Is  taXen  to  avoid 
Inc.orrect  simulation  results, 

IP  (JF.RaOR  .NE.  0)  (la  1  J  4100 

6*ei  val'ies  for  tne  random  nunner  generation  routine  RAi.DU  are  Inltlal- 
ired. 


1  =  3.:Fni 

ist-;o2  =  ”S‘;po2 

Inlniailz?  r:i>  to  oe.jin  the  slT'iiatlon. 
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ootJdci  cjcjciii  cicjocfci  cjcici  cicioo  o  ti  o  c>  c»  ri  o  r>  t></ r>  c^i>rj  u  c>  rj  c>  ci  cj  o  c> 


T  J I  •;  =  0 ,  n 

Set  tne  next  stat'is  cnanae  event  tli'e  to  -areater  than  the  total  simula¬ 
tion  tine.  This  val'ie  ot  ST''tri  Is  usei  If  no  status  channes  are  neces- 
sarv, 

Si'<l\  =  T'-'AX  +  l.O 

I*  status  cnanoes  *iere  soeclfleo,  SfATCHG  Is  called  to  obtain  the  time 
when  the  first  status  chaoue  occurs.  This  value  Is  stored  In  ST^IW, 

If  CiSTkTCS  .CT.  0)  CAM.  STATCHG 

TLRf:S  Is  set  to  tne  ooint  In  time  wnen  simulation  results  were  last 
saved.  This  value  Is  used  In  determining  when  to  save  the  next  set 
of  output  results. 

TuRn.j;  S  rST«RT-rt  l.r»T 

Is  Che  nuiroer  of  simulation  result  sets  saved. 

IL.  =  ‘'S  =  1 

tnltlillte  crobacllltv  of  existance  and  numner  of  rounas  fired  for 
each  flrer. 

00  10''  1  =  1,  -ITARS 
?r£Xisr(t)  =  i.h 
■MO  '  -iORC  I  )  s  0 
100  r'.rri.i-: 

The  tollo'lng  code  sectlch  determines  vnether  more  tnan  one  flrer  Is 
scned'iled  to  fire  at  the  Present  Instant  In  tl'ie.  iMilUE-o  contains  the 
nu'^her  of  flrers  -no  are  scheduled  to  fire. 

Initialize  ..•r.''h0  td  I  flret. 

00  =  I 

Maximize  tne  n»xt  firing  time  In  r.'itv,  I'liv  is  used  to  obtain  the 
firlni  tl'e  for  t'e  next  iefe'''der  or  altacicer  to  fire. 

T  M  I  ■'  =  T  V  \  X  -n  .  0 

Looo  for  all  flrers  to  determine  the  flrer  or  set  of  flrers  to  fire. 

00  SOO  1=1,  VTAVS 

me  firing  tl.e  for  flrer  I,  fVf XTTd ( I ) ,  Is  comoared  to  TMIN,  the 
lowest  firing  tme  found  so  f^r.  If  fX£.N  tT'-' ( I )  Is  greater  than  reit', 
no  action  Is  ta'ten  and  t.nls  flrer  *111  ■lot  fire  until  later.  If 
tVEvrrwd)  Is  enual  to  Tmin,  another  flrer  has  been  found  with  a  firing 
eoual  to  the  •mlnlmu'n  firing  time  previously  found.  He  will  be  consider¬ 
ed  as  a  candidate  t'o  fire  at  this  time  along  with  all  other  flrers 
navlni  tne  sa' e  "next  shot"  firing  time.  Tne  Index  of  this  flrer  Is 
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'I 


sivsd  In  tne  'iFlD<  «rrd/.  tf  EV€mtT'4(I)  li  lets  th«n  the  lovett  firing 
tl'*  found  so  fir,  this  flrer  oeco">es  the  orl'e  cmdUate  to  flr«.  »ll 
Information  coneernim  orevloat  candidates  is  destroved  by  setting 
m-ti  to  t.  Tne  Index  of  this  flrer  Is  saved,  and  the  tmin  value  is 
redic“J  to  the  flrlna  tine  of  this  flrer. 

I-'  rTv(I)-T-tN)  300,  400,  500 

Set  I  iIM  to  tne  next  nlnlrrun  event  tine  found  thus  far. 

300  T'l^  =  eVw;MTUI) 

Set  tie  njTrer  of  flrers  found  having  firing  tires  eoual  to  the  new 
rlnlTi'in  event  tl'e  to  1. 

s  *  l  iFO  =  I 

Store  tne  Index  of  t flrer  having  tne  nee  nlnlmun  event  tine  into  the 
■rlhx  arrsy. 

irinx(i)=r 

GO  13  500 

Incre*ent  tne  njnner  of  flr*rs  navlnq  nlnleun  event  tire. 

00  ml:-:)  =  ••  ■’  I  I 

srancn  mcx  to  too  of  laoo  If  tne  event  tire  for  all  flrers  has  net 
n»en  cnec<ei.  After  all  flrer's  firing  tlr«s  nave  oeen  compared, 
mil  contain  tne  'ini-gt.  firing  tl'e,  .tICX  *lll  contain  InUcles  of 
all  flrers  navlnq  tnis  vinin'-*  firing  tire,  and  yrl’iEj  *111  contain  the 
nu-n-er  of  flrers  -Itn  eogal  nlnlnun  firing  tl'es, 

500  C  I-  rt  •■J- 

Jeternlne  *r.etner  c'f  next  set  of  results  should  he  saved. 

ri.°‘:.S  Is  tne  time  at  »hlch  the  last  set  of  results  •as  saved. 
n-CTAr  Is  tn«  tlm*  i  1  f  f  “rente  oet.een  result  outout,  hence  r^hf-.s  Is 
tne  line  at  •nich  t"e  next  set  of  results  Is  to  h*  saved, 

600  r'  ■»=’S  3  no'SeOELTAt 

If  tne  time  of  next  result  save  Is  less  tnanlor  egual  tn)  the  tire  that 
tne  next  firing  occurs,  tnen  results  for  tne  simulation  at  tl'^e  ToRrs 
are  saved  as  the  current  value  In  the  PTtXIST  array,  since  only  firing 
slt'iations  can  effect  PTEXtSi  values. 

If  fl.RiS  .GT.  TMN)  GO  TC  ?C0 

Save  simulation  resjlts  after  T'RcS  units  of  tine  have  elaosed  In  tne 
slnulatlon. 

00  703  I  S  1,  ITA^S 

RESJLTSd,  IL'-iSJ  s  FTEXISKI) 
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7  00  COiflMc 


Incre'ent  th*  lrd»x  Into  tne  r«siiits  ^rrav  to  oolnt  to  trto  location  to 
stora  resJlts  for  naxt  tJ-^a  Incranant, 

IL'-'^S  = 

Incre'iant  tn«  tlnia  ^t  onicn  tha  next  sat  of  sliKJlatlon  rasults  sMould 
ba  ootaner, 

Ti,t't:s  =  I'MOKS 
00  ro  6)0 

rne  tr-a  of  the  next  flrlno  is  oreater  tnan  the  aaxltum  time  desired 
for  tne  simulation,  oranch  to  outout  results  and  end. 

8no  IF  (HI  -  .'Si.  T«A<)  GO  TO  }200 

If  tha  tl»a  of  tna  r»xt  status  chance  is  less  tnan  or  eoual  to  the  time 
at  •■nlcn  tn*  next  clavar  firas,  oarform  me  status  cnanoe  before 
allo^ln-j  t-a  clayar  to  flra. 

IF  (T''I-i  .LI.  STXI.'.)  (,o  TO  900 

•Maintain  saad  V3l;es  so  that  varvlno  tne  nuroar  of  status  cnanoes,  etc. 
doas  not  affect  tna  salection  of  ranfor  numjers  used  ov  the  main 

or 6  Iran, 

I?FroiS  a  ISEFCl 
T<!-^o;s  a  '.«r:t:o7 

Parfor  '  status  cn’me, 

CnLO  ITITC-'G 

If  an  error  occured  durlno  tne  status  change,  orancn  and  end  execution, 

IF  (JFfiaOK  .NF.  h)  r,ri  fo  4  1 00 

-aestaailsn  onssl^lv  modified  seed  values. 

lOFFPl  a  ISr.F.-15 
ir.v.i?  a 

Select  tne  Index  of  tne  next  player  to  fire.  Initially  assune  that 
there  Is  a  Simla  rlaver  *no  ras  a  unloue  minlnum  resoonsa  time.  If 
tnere  Is  a  unique  olaver  vith  minimum  resoonse  time,  the  Index  of  this 
ciaver  'Ouia  oa  tna  first  aiement  In  tna  iFmx  array. 

900  '.F  IPKUa  .Flux  (  1  ) 

If  only  one  flrer  is  selected,  oranch.  The  firer's  Index  Is  stored  In 

f  rIPFU. 

IF  .FU.  1)  GC  TO  lino 
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It  mere  exists  rore  men  m.e  Player  «lth  enuallv  silnlmum  firing  tli»e, 
ti'en  a  selection  'ust  oe  •’ale  as  to  »rilcn  of  these  players  Is  to  fire. 
T'^e  netho •'elo?-v  to  select  •hlch  of  these  olayers  Is  to  fire  Is  based  on 
fie  orlr>iss  tnet  eacn  Player  nas  an  equal  chance  of  firing  first.  * 
uniform  ranpo’i  nu-oer  on  me  real  Interval  (0,1)  Is  selected.  This  nu"- 
oer  Is  the  trans  f  or-’e'<  to  tne  real  Interval  CO.imimCO),  where  N“I'iEQ  Is 
tne  njhi'er  of  elavers  havin':  equally  ulnlTun  firing  tl:<<es,  by  nultl- 
clvlm  tne  i'{n,l)  randcn  variable  nv  The  'JC0,m.'‘IK€Q)  random 

varlanle  is  tnen  transforned  to  tne  Interval  ( 1 ,m /IdCjel)  oy  adding 
1  to  the  value,  hext,  the  U{  1 ,  «ei«,e(j  +  i )  random  variable 

vai'ie  Is  truncated  ootalnlno  the  Iniex  Into  me  ‘iriOX  array  of  the 
next  olayer  to  fire.  The  truncation  Is  performed  automatically  by 
asslunlnj  the  real  value  between  ( I .NUl-iEO-f  i )  to  an  integer  variable, 
in  tnls  case  u^XTr. 

C4l,ti  KAihU  (ISPEOl,  I.SEEOZ.  IJ) 

Ontaln  Index  to  next  flrer,  oEXTF,  .nlcn  is  an  Integer  nunner  between 

1  and  i  ■  I ‘ 5  j . 

\EXrF  =  U*Fl,0'M('.'‘I’  t  ))  +  1  . 

jnraln  Index  of  Haver  to  fire  in  tiFlwER.  N'i.i'<TAR  ( dFl  RCR )  Is  tne  actual 
flrer  nii''-er, 

•iriRKds-'FlhXC'^EXTF) 

save  me  or.opaollltv  of  existence  array  tennorarllv  so  tnat  collateral 
namaae  ray  •'e  assessed  corectlv, 

hu  ISOO  1  =  1,  MiRS 

5>T£XS.'Cn  =  PrfXlFTCI)- 

c  viTi  -uj.: 


Obtain  me  orooaol i ltv(stored  In  pfirtx)  that  tne  flrer  which  has  been 
s»V«ctei  to  tire.  Is  still  wrouni  to  flreCle  -  PFIREX  Is  the  probabll- 
Ic/  that  tne  flrer  nas  not  been  XHiel  previously), 

prrv»;<  =  OTEXTSTC  "FZ-vtR) 

Pn: "C  Is  tn*  cj'  JVatlve  orohabllltv  that  tne  eirer  has  selected  an  aim 
.joint  to  fire  at. 

I  'C  =  h.o 

JJ  Is  an  Index  Into  the  hAixpoy  array  soeciflng  a  Particular  aim  point 
from  the  orlorltlted  list  of  al"  points  the  flrer  Xfirer  may  al.m  at, 

JJ  =  1 


fne  aim  point  nu'.rer  Is  stored  In  •'Al“FT,  This  Is  'jsed  to  Index  Into 
the  frdllGAC  iumoer  of  Taroets  HIT  Given  Aim  point)  and  tne  PTAph1T( 
Propanllltv  lARget  Is  HIT)  arrays. 

'M'PT  =  IAl'P»V(  FIR-'P,  JJ) 
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NAiyPTsO  Indicates  all  il.r  oolnts  t^at  <Irer  uflRER  has  selected  to  fire 
at  have  been  evaluated.  The  oranch  Is  taiceri,  comoletlno  the  'oerfor* 
flrlna  event  cone  section*. 

IP  (Mitor  .EQ.  0)  GT  ra  3000 

?  Is  the  orohaoilitv  that  ttrer  aifirer  has  not  fired  at  an  alB  point 
Ihvestleated  orevlojslv. 

P  s  i.C-PM^C 

P=o,  Indicates  that  the  flrer,  qlven  ne  Is  still  alive  to  fire,  nas 
already  selected  alA-  colr.ts  to  fire  at  »ltn  probability  equal  to  1. 

Thus,  he  »lll  not  fire  at  otner  possible  aln  points,  and  nence,  the 
branch  is  taicen  endino  the  'oerfor*  flrlm  orocess*. 

IF  (P  .FO.  h.O)  GQ  TO  3000 

>.ta«geT  In  tne  nu-her  of  tne  crl'ary  taroet  associated  with  the  aim 
nolrit  whoose  ihfiex  fs  qlven  bv  ».Al''PT. 

M  APGET  =  nTHI  TGA(  hAT'-PT,  1) 

The  methoooloqv  useq  to  determine  the  orobahllltv  that  the  flrer  fires 
at  a  nartlcular  ai.A  point  is  outlined  In  the  followinq  text. 

The  taroet  array  is  searched  to  find  the  Index  of  (.TARGET.  The  Index 
to  •iT.\R(:-:f  Is  stored  in  ITAh^rT  when  found.  If  not  fnund.  an  error  has 
hcc'ired  In  letlnlf^o  teroer  status  cnanoe  In  Inout  and  an  error  iressaoe 
Is  Issued. 

The  followinq  statements  are  used  to  determine  the  orobaolllty  that  a 
oarClcular  air  point  Is  cnosen, 

Stv.T  n  The  prohabiritv  that  the  primary  taraet.  associated  with  the 
the  alT  point  tne  flrer  Is  flrlno  at.  exi sts ( stored  In  paik). 
or 

ST  IT  y)  the  ornbaollltv  tost  the  flrer  has  not  fired  at  an  aim  point 
rrevjouslvlstored  in  P), 

Each  time  a  oiayer  Is  selected  to  fire,  ne  will  either  select 
one  al(;.  oolnt  to  fire  at  or  choose  not  to  fire  at  any  aim  point  be¬ 
cause  of  r.lqn  probaelllty  that  each  primary  taroet  has  been  destroyed 
previously.  This  concept  may  he  exoressed  In  terms  of  orobaolllty  as 
follows : 

rule  1)  The  probaolilty  that  the  flrer  either  fires  at  one  of  the  aim 

points  In  his  prioritized  aim  point  list  or  chooses  not  to  fire 
must  sum  to  1 . 

formally,  the  oroeablllty  that  the  flrer  fires  at  a  particular  aim 
point  on  his  prioritized  list  of  aim  oolnts  is  the  probability  that  the 
orlmary  taroet  associated  with  that  aim  oolnt  still  exlstsIRULC  1). 

Early  In  the  simulation  however,  the  orohaotitty  that  each  of  the  orl- 
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marv  targets Casscclated  wlfv  th«  prioritized  list  of  ali"  points  tnat  the 
flrer  Is  Intereste-I  in)  still  exists  Is  oulte  hloh. 

Since  tne  oronanlllty  that  he  fires  at  each  aim  point  Is  pro- 
nortlonal  to  the  oro'' »n 1 1 1 ty  tnat  It's  Primary  taroet  exlstslST'‘T  1), 
a  oro*'acliltv  tnat  he  selects  o^e  of  the  al'^  points  In  his  prioritized 
list  In  cnjll  exce»s  1.  Inis  violates  the  condition  soeclfled  in  PULE 
1.  <e''ce,  3r,'!T  2  Is  necessary  to  avoid  tne  situation  where  the  orob- 

anliity  would  exceed  i  for  tne  flrer  selectl.no  aim  oolnts  In  nls  pri¬ 
oritized  list  to  fire  at. 

The  f ol lo'-'lno  example  Illustrates  In  better  detail  how  STWTs  1 
and  2  are  used  in  tre  sliulatlon,  Supoose  a  flrer  has  the  choice  of 
flrlnr  at  one  of  these  possible  prioritized  aim  polntslAl,  A2  or  A3) 
or  not  to  fire  at  ail  because  tne  primary  targets  associated  with  each 
of  these  aln  points  nav  have  been  destroyed  previously.  The  follcwlnq 
table  gives  tne  orohaolllty  that  tne  primary  targets  Tl,  T2  and  T3 
(••ssoclated  wirn  aim  points  At,  A2  and  A3  resoectlvely )  have  not  been 
orevlously  destroyeo. 

Tl  T2  T3 

.S  .3  1. 

In  this  exa-oie  *e  *tll  assume  that  the  flrer's  strategy  is  to 
first  fire  at  alT  snlnt  Ai  attemotlno  to  destroy  target  Ti,  and  after 
11  Is  destroyed,  ne  win  fire  at  ai’"  oolnt  A2  atteirotlng  to  destroy 
t»net  T2,  an  1  so  on.  Tne  croeanlllty  tnat  the  flrer  chooses  to  fire 
at  Al  Is  liven  oy  the  :iinlmu-t.  between  PAidCcombuted  by  STMT  1)  and  P( 
c-i.iouted  r.v  ST“T  ?).  PAIA  as  co^outed  by  ST'T  i  for  tne  primary  aim  * 
nol.-it  of  Interest,  hi,  would  be: 

where  ,i  Is  the  orooaoiiltv  that  the  primary  target 
(''!)  associated  with  aim  oolht  Al  still  exists. 

Inus,  rAl's.5  for  aim  point  Al. 

3,  wrtcn  is  the  oromablllty  that  the  flrer  has  not  fired  at  a 
orevfous  aim  Point  Is  initially  1,  since  this  Is 
the  first  atm  point  that  may  he  chosen. 

Thus,  the  probability  that  the  flrer  chooses  aim  point  Al  to 
'Ire  at  Is  blven  by  the  minimum  of  PAT'C.s)  or  PCI.).  This 
orohaol 1 1 cy ,  >hlch  Is  stored  In  the  variable  PFIPEAP,  Is  .5  for 
alT  point  At.  This  leaves  tne  flrer  with  a  ■'axlTum  probability 
eujal  to  .5  o'  "'einb  able  to  fire  at  aim  point  A2. 

The  PAIh  value  for  firing  at  aim  ooint  A2  Is  the  probability 

that  tne  urinary  taroet  associated  with  aim  oolnt  A2  still  exlstslPAlM 

=.3  froh  taole).  p  is  toe  probability  tnat  he  did  not  fire  at  Al(P=.5). 

Therefore  the  crotaullltv  toat  aim  point  A2  Is  selected  to  be  fired  at 
Is  olveo  ov  '>FTwic4F=,3, 

ihe  Phi'  value  for  firing  at  aim  oolnt  A3  Is  1.,  obtained  from 
toe  taoi*.  p  Is  t-e  orohahiiitv  tnat  aim  oolnt  Al  was  not  chosen  and 
aim  oolht  A2  was  not  Chosen,  wmlch  is  expressed  by; 

P=t-[.?<(probabllltv  Al  selected)  ♦  . 3(brobablllty  A2  selected) ) s. 2 
PPIPSAP  Is  olven  as  tne  minimum  between  PAIMal.  or  P=.2.  Thus, 
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tne  orob'ic'l  I itv  tut  at  "  oolnt  43  Is  s«leet«d  to  be  tired  at  Is 
oFt'>SX'>s.2. 

Votlce  tri4t  If  »e  add  the  orooaMlltles  tost  the  flrer  fires  at 
either  Ai,  42  or  »3  oe  oer  t.<ie  -  .Se.3*.2K  This/ however  would  not  he 
tie  esse  If  t.'ie  orobsnilltv  that  orlnary  target  T3  existed  was  less 
t lan  •2.  Then  there  would  oe  a  orooaollitv  that  neither  alK  point  Al, 

\7  or  A3  would  be  seiectedCle  -  tne  ftrer  would  not  fire,  since  the 
ori’iary  taraets  associated  with  aim  oolnts  of  interest  to  hi*  would 
nave  oeen  iestroy“d  orevlousiy.  rh*  followlno  data  summarizes  the  orob- 
arlilty  that  each  of  tne  aim  points  Al,  A2  or  A3  were  selected: 

Al  A2  A3 

.5  .3  .2 

This  ends  tne  aim  ooint  selection  description  section. 

0)  17'10  triHG^T  s  1,  ITARS 

If  ( 'i!j  'iTS->(ITAdc;£T)  .€G.  -TAKGGT)  GO  TO  1300 
C  '. ’■t  'US 

TV?-:  »,  'TAPG^T  ',  .TAi^^SET,  *  CO’Jl.D  JOT  BE  FO’JSOd).' 

Gi  ro  Ann 

Get  the  oronaclllty  that  the  nrl-maty  taroet  associated  with  aim  point 
•••■t'pr  still  “xlsts,  and  store  Into  PAt“, 

P?  r  '  3  PTiXBw (  ITA-GET  ) 

wPter’ine  wnetner  to  use  PAl.w  or  »  as  tne  prohaolllty  NAI^pt  is  select¬ 
ed  tn  oe  fired  at. 

IE  (PAU  .GF,  P)  CO  ro  19no 

Set  tie  oronarlllty  of  flrlhd  at  this  aim  ooint  to  tne  probaolllty  that 
f'e  orl  lary  taruet  associated  with  this  aim  point  has  not  been  destrov- 
e  1 . 


O-'I  5  Silw 

I’lcre-ent  tne  cumulative  orooaolllty  that  the  flrer  has  selected  an  aim 
rmtnt  nrevlously  ov  addlnq  In  the  orobahlllty  that  tnts  aim  point  was 
select  -  1. 

pei'C  =  P M  'C  +  PFldO 'P 
;m  ro  2050 

Tie  oronaclllty  tnar  the  flrer  fires  at  this  aim  ooint,  PFIREAP,  Is  the 
rem^inino  orocaolllty  that  he  has  not  selected  a  aim  ooint  previously. 

priRt'A?  s  p 

In  this  situation,  tne  flrer  has  definitely  selected  an  aim  point  from 
those  evaluated  previously,  hence  PAisc  is  set  to  1. 

PiUC  «  1.0 
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fn«  next  section  ^oilfles  tne  orooenllltv  of  existence  array,  PTEXIST, 
aooroor letely  for  all  targets  oosslMv  effected  oy  nFIHER  firing  et  at* 
point  NAUPT. 

At  tnls  point  a  flrer,  RFIP.ER,  nas  oeen  selected  to  fire,  an 
ai'.t  oolnt  nas  been  cnosen,  •■'AI’''PT,  and  tne  nrooaolllty  that  this  aln 
oolnt  Is  fired  at  has  been  deter'nlned  and  Is  stored  in  PFIPEAP,  The 
effect  of  this  evert  on  the  tenet  exlstance  probability  for  all  tar¬ 
gets  vhlch  fay  be  damaged  elll  no^t  be  deter'nlned. 

XK  Is  used  to  Index  a  cartlcular  target  which  may  be  hit  by 
firing  at  aim  point  NAI'Pf,  KK  is  Initially  set  to  1,  so'eclfylnq  tne 
first  targetCtne  orlrarv  target)  associated  wltn  aim  point  NAIMPT.  The 
act'ial  target  nunrer  corresoondlng  to  alu  oolnt  NAlwPT  and  index  kk  Is 
olven  ay  -iTn  irfJA  (  -  a  [  dPT ,  K  K )  and  stored  In  ‘JTARGET.  The  Probability  that 
tne  carnet  specified  oy  KK  Is  nit  wnen  hFiSER  fires  at  aim  point  NAIRPT 
Is  ootalned  from  tne  f’TARWir  array  and  stored  In  PTH, 

me  orooar.llltv  tnaf  this  target  still  exists  after  MFIPER 
fires  a  shot  at  aim  point  I'f'Pf  Is  computed  by  multiplying! 

1)  tne  rrooaolilty  that  tne  taroet  nas  not  neen  destroyed  ore- 

vlouslv,  from  t.h*  pfoXfsr  array.  (This  Is  also  the  orobabll- 
Ity  tnac  this  target  exists  cefore  this  shot  Is  fired.  For 
si'Diicltv  the  ohrase  "this  snot  tired"  win  be  used  to 
avoid  repetition  of  the  onrase  fires  a  shot  at  aim 

nnlnt  .AC'PI"'.)  X 

2)  the  ornpaniiitv  Chat  the  target  still  exists  after  this  shot 
Is  flr-d. 

mis  Is  tne  prunaollirv  that  tne  target  was  not  hit  previously 
a-d  contl’'  jfS  to  re  aln  uh damdo-d 'after  this  shot  Is  fired. 

The  orgi'a'- 1 1 ity  that  the  target  still  exists  after  this  shot 
l«  fired  Is  «.ual  rn: 

l.-tne  probability  that  the  target  Is  hit  oy  this  shot. 

Tne  orgna-'illtv  tnat  the  target  Is  nit  bv  this  shot  Is  expres- 
sen  n/  •»Jlt!lvlna; 

1)  the  ornaaoiiity  that  the  flrer  still  exists  to  fire  the  shot 
(le  -  na  has  not  oeen  Killed  orevlously),  stored  In  PFIREX.  X 

2)  the  nr.-;;ahintv  tnat,  olven  the  flrer  still  exlstsCle  -  can 
flrel,  ne  selects  aim  point  'AIvot  to  fire  at,  stored  In 
PfCRiTAo.  X 

3)  the  orncaolllty  tnat,  given  the  flrer  still  exists  and  he 
fires  at  aim  point  KAlvpT,  he  can  hit  Che  target,  stored  In 

PTH. 

Collateral  la'.age  is  assessed  by  decreasing  the  probability 
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tnaf  coU^t^raliv  managed  targats  exist  bv  tOe  probablltv  this  target 
*as  nit. 


mttlaltze  ^K  to  oolnt  to  toe  first  target  ehlcn  may  be  hit  by 
flrlm  at  this  aim  molnt. 

K^  s  1 

Tne  orobaolilty  that  flrer  vFtRfR  alms  at  toe  JJth  aim  point  In  his  set 
of  oosslble  aim  oolots  an.i  hits  tne  KKtn  target  mnlch  may  be  hit  by 
firing  at  this  al»  oolnt  is  stored  In  PTH, 

PTH  a  PTARHITCMriPER,  JJ.  KK) 

If  the  nrobablllty  of  target  nit  Is  zero  then  branch  to  avoid  modifica¬ 
tion  to  OTEXIST  array,  since  the  orotabliltv  of  target  existence  will 
not  oe  effected. 

If  fP.’H  ,Ki.  0.0)  GO  TO  2^00 

0;>talfi  the  number  of  toe  KKth  target  vnlch  may  oe  hit  by  firing  at  the 
aim  oolnt. 

•<tah(;?:t  s  .■*THTTGACJAt-.pr,  xk) 

If  tnls  target  nunner  Is  zero,  aii  targets  which  may  be  nit  by  firing 
at  tne  atm  oolnt  /Ar-iPf  nave  neen  exj-lned.  aranch  Is  taxen  to  modify 
orohablllty  of  target  existence  snonid  tne  next  aim  point  be  selected. 

rr  (NfARGEr  .so.  ))  go  ro  29oo 

Tne  orooaolllty  t’at  taroet  f.'TARG'tr  is  not  destroyed  bv  ^FIrER  flrlno 
a  slmle  snot  at  aim  oolnt  '•'Aimpr  jo  comouted  and  stored  In  PTAROES, 

PTAROnS  =  l,0-PTb»PFtRexaPFlR“SP 

Determine  tne  lni?x  ot  tne  next  taroet  ntarget  In  the  NUVTAR  array. 

00  2200  ITaSGFT  s  1,  -XASS 

IF  ( TARCITARGiT)  .FO.  NTARGET)  GO  TO  2300 
C'nTl  iJE 

TiPP  *,  '  riROFT  '(TARGFr,  '  COJl.O  .01  dE  FOJ.O(l),' 

O'  rn  41)0 

'  Is  used  to  determine  the  next  target  which  win  suffer  collateral 
damage  should  target  'iTlRGFTbe  nit.  is  set  to  1  Initially  to  select 
tne  first  collaterally  damaged  target  assoclateed  altn  destruction  of 
•iTARG-:r. 


a-'  a  1 

hotaln  the  number  o*  tne  collaterally  damaged  tarnet  In  MCOGTAR, 
'iCOGIAR  a  MCOLATC I  TARGET,  'd) 

If  hCOUTAR  eouals  zero,  all  collateral  damage  targets  associated  with 
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atstr'ictlon  of  targ?t  'itasg^t  oave  oeen  processai,  *n<i  branch  to  ipodlfy 
orohaillltv  of  exlstanca  of  !“iA!<G£r  value,  PTEXIsrC  tTARGET) , 

IF  (.-iCOLTAR  .EQ.  1)  GO  10  7703 

'i-taln  the  Imex  of  ‘-COLTar  in  tne  .•iU'‘TAR  array. 

on  7500  tCCMAR  =  1.  .rAF5 

IP  CNJ  - rAA(  jcmGTA-')  .F3.  •.COIjTAR)  GO  TO  2600 
2500  c.i^ri'jue 

TYPP  ♦,  'TARGET  'C'JGr4».  '  C  iJLh  NOr  6E  F0iJ*J0(2).' 

GO  TO  4100 

■■•odlfv  the  orobablittv  that,  toe  collaterallv  dataged  tarqet  NCOGTAR 
exists  by  ruitolylno  it's  orevtous  existanee  probability  by  the  prob¬ 
ability  t^at  taroat  'JiAhGSi  is  not  hit  by  this  snot.  Collateral  da'raoe 
is  assessed  to  tanet  ^CCLr»R  assj-ilno  tnat  if  tane't  .ntarget  Is  nit, 
irc.’t.r\R  *111  also  suffer  eoual  oanaue.  Tne  >iOdel  does  not  presently 
allo'  toe  user  to  liout  a  orooapllity  of  collateral  dana-ie  to  taroet 
COGTi^  If  taruet  .taug-t  ts  nit.  The  crohaollltv  that  taroet  dCOLTAR 
is  da^aueo  If  'MA-r.^T  is  nit  Is  1. 

2S0O  p  1  >:>  lire  rCOLTAR)  =  oiFXISrc  TC''‘t.TAO)T?TAR0PS 

'  Is  lhdre"'erted  to  .-'olrt  to  the  next  collaterally  damaged  target. 

I"  a  '  '  ♦  I 

If  is  l*ss  than  the  faxl'-'U''  nurner  ot  tarcets  wnlcn  can  be  collater¬ 
allv  la'aoed  'v  nitriod  taroet  *.ta''G£T,  oranen  and  orocess  next  collat¬ 
erallv  da^aoei  target,  otberAlse  the  rropabtllty  of  existence  has  been 
"oftfie*  for  all  collit-rally  daragii  targets, 

IF  <d<  .GF.  S rCCLAl)  GO  iO  24O0 

•'odlfy  t.ne  orocaoliitv  of  existence  for  target  iIARGir  to  reflect  tne 
change  in  exlstar.ce  orona'lllty  due  to  firing  this  snot. 

2700  ,  .  hTFAISrCTrACGEDtPrAAOES 

IncreT'ent  <<  to  onint  to  the  next  tariet  ohlcn  "ay  be  nit  by  firing  at 
a  1  ■"  mint  '  J ■  f  l , 

2S00  XX  s  XXtl 

If  KX  Is  greater  than  the  maxlTut  number  of  targets  which  can  be  hit  by 
firing  at  a  -iven  aim  oolnt,  all  tar nets  n^ve  been  processed  for  this 
alt  onlnt,  ''■ner»lse  nranen  to  toilfv  all  target  existence  orobabll- 
Itles  effected  by  hitting  the  next  tanet  associated  with  this  aim 
oolnt, 

IF  IKK  .GE.  'THIIGA)  GO  T7  2100 

increment  JJ  to  point  to  the  next  al.m  ooint  available  to  the  flrer  for 
selection. 
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JJ  =  JJ»l 

Tf  JJ  Is  less  tnan  or  eouei  to  toe  ^axlii’iK  nuinber  of  aim  oolnts  permlt- 
te-i  tor  a  qiven  tlrer,  oraoeo  and  orocess  next  aim  oolnt,  otner»lse  all 
aim  oolnts  Chat  tnls  flrer  mav  snoot  at  nave  been  orocessed. 

If  (JJ  .(jfC.  lAIlPHY)  GO  ro  1600 

Is  a  xey  Indlcatlna  tne  tyoe  of  weapon  used  by  SFIRER,  the  player 
»'<o  lust  fired  tne  last  round. 

•  r  a  M  irY  =  F.(  IPtR  ) 

iVev'TTyc  ifiRER)  Is  tne  time  at  »nicn  tnls  player  os  expected  to  fire 
nls  next  round,  ine  expected  time  to  aim  and  fire  tne  next  shot  stored 
In  eno  -eacon  flrlnc  rate  arrav(wPATE) ,  Is  added  to  tne  present  value 
ot  rv";!  r  (d c  jfirsr)  . 

r.r  ,Tf-'( ':FI  =  EP)  =  E  VF<  rC- ( ‘.r  I  RES  )  ♦ -.R  AT  t  ( ) 

Tne  namer  of  rounds  fired  ny  SFIRER  Is  Incremented, 
r  R'.i.lMOr  C-FIR'ES)  =  ^.MO.'.iCiFC'TIRfRl  ml 

ff  ••'FtRER  has  run  out  of  ammunition,  a  eessa'je  Is  printed  and  the  time 
at  fnlcn  ne  fires  nfs  next  snot  and  tne  flrer's  next  snot  event  time 
is  set  ureater  tnan  toe  tot»l  simulation  time  to  Insure  tnat  he  will 
not  fire  aoa  t  n  ( u.n  I  ess  ne  sciulres  more  ammijr'ltlon  at  a  later  date  In 
roe  slmjiatlon). 


(!■•  ( '<R0v' 10F(\fIR'r,)  .t,r.  '.'RC'JVhSl '•PIKES  )  )  GO  TO  200 

T<nE  (3,  llOO)  .%FtVEO,  6  VEM'T»(NfISER) 

FVAT  ('  FtR-'R;  13,  *  RAV  O'' f  nf  IR/IJUITION  AFTFR  ',  F10.2, 

1  '  Sc cr.\,ns. '  1 

f./:-:  .'irtC  >■  IPF.1)  a  T'AXml.O 
GJ  ro  2'/n 

Toe  sto'iidtlon  Is  comiiiete  *ltn  oronaplllty  of  exlstanc"  results  stored 
•■■rr  all  taroets  at  aarn  nr;,iAT  time  Interval  In  tne  RESULTS  array. 

.'eere'ent  iLSfS  tn  tne  exact  nu'm-mer  of  tl'me  Interval  "snap  snots"  saved 
In  tne  -'f'i  'ITS  arrav. 


fill  tne  -JirmF  array  *'ltn  tne  time  at  which  each  "snap  shot"  of  taroet 
existence  ornnaoi M t 1 es  *as  taxen. 


('■rx  1£(  n  =  TSTART 
no  33')0  I  »  2,  loffcS 

RTI''E(n  «  BCr  ■-;(t-l)mDF.LTAr 
c "I  rt  'liJE 

JT  «  2*MTITLEt,*2 
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cm  c>c>c>  ticm  cicirif»  ooci  cinoo  f » r  i  c  i  c  i  r  i  ri  ci  c  i  ciCitJ  cic*ti  cjocj 


3400 


ibOO 

3500 


3700 


3900 


39  )0 
400  0 


4100 


Fra-^e  tne  title  «lto  ***s.  Output  first  ro»  of  '**s. 

4FIT«:  (3,  3400)  I  a  1,  JT) 

f.M‘'AT  (X,  <JT>An 

O'jtiut  slTulation  title  xtto  *♦'$  before  and  after  each  line. 
DO  35)0  I  a  t,  NTirLtS 

-9ITF.  (3.  35U0)  (irirLECI,  J),  J  a  1,  mtITLEL) 

FORMAT  (IX,  <‘"T1TLEL>A2,  *•*) 

C')'IT1  JUE 


End  lilnulatlon  title  »ltn  ro<*  of  '*'5. 

*«ITE  (3,  3400)  ('♦*,  I  a  1,  JT) 

•.MITC  (3,  3  7;)>i) 

FIR  AT  (//) 

irlte  toe  output  oe^jino  contains  tlite  at  wnlcn  probability  of 

evlstince  results  are  saved  In  Incre-^ents  of  nsoTAT  tlite  units. 

(3,  3«00)  (Mll'^d),  I  a  t,  ILSES) 
pry.i^r  ('  Tl-r  £L,4PSrn-»,  F5.t,  19(1X,  Fs.o)) 

l.coo  to  print  the  orobaollltv  of  exlstance  results  for  all  taroets, 

r>'l  4010  I  a  1,  'iTASS 

print  orpoar. liltv  Of  exlstance  results  for  toe  next  taroet ,  all  time 
Intervals. 

-■iirF  (3,  39CJ)  I,  (ITARDESd,  J),  J  =  I,  5),  (RtSOLISd,  J),  J  » 
1  I,  I(4F;) 

Fl3>'r  (IX,  13,  552.  f5.3.  <ltRES-l>(lX,  irS.))) 

c  '  •!  n  0  •: 

Call  Ci'DF;.'!  fo  cnrrtne  orn-aolllty  of  existence  values  Into  expected 
nv'-'ner  of  t^rnets  left  -'Itn  tire,  me  user  nas  tne  capability  to  clas 
slfv  nnrtaln  tarcets  Into  cro  ics  tor  analysis  oy  tne  CO'^DPRO  subrou¬ 
tine.  4  user  fnr  oxa'cle  may  wlsn  to  uroun  all  attecxer  bersonnel  tar 
-i-c:  Intn  one  oro'io  enaPllno  observation  of  tne  expected  number  of  at 
tjCs  oerspmei  rei'alnnlnn  *ttn  tl-e. 

C*Ll,  CO  MFOC 

Close  input  data  file. 

Ct/JSF  ('Jiir  a  1) 

Close  data  case  file  contalnlno  oronapllltles  of  tilt. 

C1.0SE  (O^IT  a  2) 

Close  output  f’ats  file  containing  expected  tarqet  exlstance  probabil¬ 
ities. 
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CLdse  (UVIT  a  3) 

Close  tiraet.  date  base  file. 

CLOSE  CUJIT  a  4) 

Close  all)  point  data  base  file. 

CLOSE  (il«(rT  a  7) 

STOP 

E'.'D 


iriM-'  CONOPkT 


C^'C'PRO  --  A  7Ax/v>'s  rORTRAiJ  subroutine  which  calculates 
conjltlonal  orosaol I Itles ,  written  tor  JAYCOR  by  Jo*  Hunphrey, 
.'•'dr  198.J. 


ITjPOUP  contains  a  nu'iber  of  grouos  of  targets,  each  of 
Which  has  a  orobaolllty  of  celno  destroye'l  (In  RESULTS),  for 
eacn  oro'jo,  fe  conditional  oronaollltv  that  1  targets  are 
destroyed,  as  1  goes  fron  0  to  the  nunber  of  targets  In  the 
orouD,  are  calculated  and  -written  to  unit  3.  This  Is  done 
for  several  tines  of  Intere.st  (f. ST  VST,  TSTAPT'tDeLTAT, 

T3TAR re2*DELTAT,  .  .  .,  TS T» R Te ( t LRES- 1) eOELT AT ) . 


iieflne  constants  and  variables. 


T'.CUUJa 

'-.I'.C' 

PASA'lETER  OUT  =  3 

C-iA  PACT' 

'R  I  f  A“nf:$(V. 

i'irEG';R 

BIR-ST 

I'TS-gtR 

GI'.O 

f  r-rC'-R 

GROUP 

r-TEGER 

GTl ■•D(  '.lACGS) 

IV  lEGES 

ILRES 

r  r-GER 

irGRO'.P(><TARGS 

I  1  r«'G>-R 

L'ST 

i:r-:3-:R 

LE'GTd 

I  iTEG-lR 

■■ngsT 

1-  [-:GvR 

'.TAr^CS 

I  ■i'-^vdTP 

•:bMTAR(.'  1  «RGS) 

I  vr'G.'R 

TI.C 

I  ^  rE'UER 

Ti,'.:: 

IMEGER 

«CSD 

LOGICAL 

KILLECC'TARGS) 

5) 


UPS) 


1  Unit  nutber  of  outout  file 

1  taroet  descrlotors 

;  Pointer  to  last  destroyed  taroet, 

1-  after  trailing  destrove-i  taroets 
1-  oa<,e  oeen  restored  (E.  G.  If  KILLED 
!-  a  FFTi'fFTTT,  FTRSl'  s  J) 

!  Index  to  taroet  In  UT-ROUP 
!  index  to  orouo  l.n  ITGROJP 
!  Conversion  fro.n  GIUO  to  nSD 
!  i'iT.->er  of  tl'A*  incrernents 
1  Target  nunoers  of  targets  In  orouos 
I  Pointer  to  last  destroyed  target 
1  -M-noer  of  trailing  destroyed  targets 
1-  (E.  G,  If  KILLED  =  fFTTfFTTT, 

1-  L-  'iGld  s  3) 

;  .'runner  of  targets  to  be  destroyed 
1  v.jTn»r  of  targets  in  grouo 
1  Conversion  fro'!>  ri'iD  to  target 

j-  nuhoer 

!  i-jioer  of  tine  Inerenents  passed 
I  Index  to  target  In  target  array 

!-  (RESULTS,  TAr.vum,  etc.) 
S  Pointer  to  word  of  ITAROES 

I  .TRUE.  It  tne  corresponding  target 
I-  In  ITGRIJ'JP  Is  destroyed;  .FALSE. 

I-  otherwise 


REAL  OELlAr 
BEAL  EPR-JR 

REAL  EXP'IOESCviviVTS) 
R'-AL  GPRO‘l("r''rNTS) 


Lenotn  of  tine  Increnent  (seconds) 
“roLablllty  of  an  event  (A 

-  particular  configuration  of  KILLED) 

Probability  of  a  orouo  of  events  (E. 

-  G.  that  1  taroet  Is  destroyed  In 
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1 1 


P‘:AI,  PeSULTS(.'TARGS,  ■JT'-I.TS) 


!-  ITGSOUP) 

!  Probabilities  tnat  a  taraet  Mill  be 
1“  around  after  so  nanv  time  Increments 
R‘'AL  rsTARf  •  starting  time 

CO'<-(0  I  /liO/  'ill^rAi,,  /L7/  ir-'Rf'ES.  /t,t7/  RESULTS,  /L24/  DELTA!,  /L44/ 

1  TSTART,  /l,4>-/  irGl^ni.ip,  71,47/  ILHES 


Find  number  of  targets  in  group,  converting  GiNns  to  TtNOs. 

Return  If  0  targets  In  orouo, 

no  2600  GROUP  =  i,  '»GSOJp.S 
on  100  TI JC  a  I,  ILR‘5 
Flip-  OESCnNC)  a  0.0 
100  CQ:jTI  ue 

OO  400  GI  lO  a  1  ,  ^iTARGS 

IF  ( IlG.sinuPfGINO,  GSOUP)  .LS.  0)  30  10  500 
OCl  20  0  ri‘.0  =  1,  '’lAHGS 

IF  (  ITGPO  iPfGI'in,  CROUP)  .El.  vU  R  T  AR  C  H  GO )  )  GO  TO  300 
200  COM'I’mJE 

TYPE  *,  'Target',  ,l  fGRCuPlGIND,  GROUP),  '  In  ITGROUP  not  '// 

1  'found.' 

C4LL  EXIT 


30  0 
All) 

5.10 


3  r  I  “  0  ( G I '  n  )  -  T I  *.  0 

CO'.TI' UF 

GIGO  a  ' TARGS»1 

firARGS  a  .-,1  u-l 

IF.(  MAFG3  .!=-.  0)  G'.i  TO  2700 


•rite  title,  target  numbers  and  descriptors,  and  times  of 
Interest . 

I?  (GROUP  .FCl.  1)  WRITE  (C,ur,  600) 

600  Fj.R<;r  ('!') 

•  dirf  (Oi'T,  700)  GROUP,  (  M.-- rArtfGtt  .D(GTGD)  ) , 

1  C  I  TA?'ES(Gr  t'.'OCGl  O) ,  .»0»U),  •OWO  a  1,  5),  ClUO  a  1, 

2  T  «  R  G  3  ) 

TOO  FURGVT  C///X,  'CO -OrnO'  AL  PRORASILI  TIES  FOR  TROOP  »',  11, 

1  ',  CO  SIsri'G  OF  rAPCETS;'/,  fX,  R(I3,  X,  5A2))) 

v-iITt  (Our,  boO)  (rSTARTrFr.nA.tTi  ,C-i)»OC[.TAT,  tinc  a  1,  ILRES) 
3T(.  FUR't  (/X,  3a,,  xrLRFRXX,  F5.U) 

Start  oot  A'ltb  nc  tenets  destroyed,  write  number  of  taroets 
to  ne  destroyed.  Initialize  orouo  orobaftlllty. 


900 


DO  900  d  n  a  1,  •;TAr;5 

XlL'.EOCGIr.O)  a  .FAtSE. 
CONTT  UF 


ni  2300  •UEST  a  0,  '•TA9GS 


00  2000  TI\C  a  1 ,  ILRES 
GRRgR(ll’JC)  a  0.0 
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ev»nt  oros^el ilty .  Su'*  Into  gro'ip  oroostllltv 


1000 


t  mo 


12JO 

t  3no 


1400 


1501; 


1  oOD 


1700 


1 


rppn^  s  1.0 

OCj  imo  GlNO  a  I,  0T4PGS 

IK  (K  .rv))  TSE‘< 

foms  a  eop0d«(1.0— lESULTS(GTtNO(CIND),  TINC)) 

£1  St 

tPpnp  s  E3p03»«ESJLTS(CTIiO(GtNO) ,  TIUC) 

>■.  0  IE 

CnsTI  ‘Hif; 

r.Pp'ipf  I  tor)  s  GPHrR{TI^C)♦EP«<OB 

Elni  i«st  t'lnet  -lestroyed.  It  not  »t  snd  of  list, 
restore  t-at  target  and  destroy  the  next  one, 

pn  1200  last  =  VTAPGS.  1.  -1 

IE  fKlLLE0(l,.A5i  ))  GO  TO  1300 
C^STl. 

LAST  =  VAprs 
IE  (LAST  .Lf.  ;TA-»r.5)  l-l- 
K  rL'.£-.(LAST)  a  .EA'SE. 

MLL‘;■^(•,^sr♦l )  a  .r-'OE. 

G"  '0  1  :>!)•) 

E  Ip  IE 


Last  target  destrive-l  ••  flr.-i  norber  of  targets 
lestrcyga  at  end  at  list.  Pestore  those  targets, 

DO  14jO  cisn  -  Hir,  1,  -1 

IE  (.'Or.  xlLoEn(g(.iO) )  CO  TO  1500 
KtLt.f.P(Gl  )n)  a  .FAL;'.E. 

CO'.TI  il'E 
';r'<n  a  .) 

LE'GI'  a  LAST-GIoO 

ring  last  destroyed  target  In  revised  list.  If  none 
are  oestroyei,  tier  all  events  for  tnet  nuTber  of 
g“stri'V'*d  tenets  nave  ►•een  tounj  --  find  it  for  next 
tine  lr:r*c»nt, 

n  )  In  '0  EIPST  a  LiST,  1,  -1 

1‘  lMLL';;)(i-i_5r))  GO  fj  Igi’O 
ClTiTl  LE 

IE  (L-  ir-i  .Gi.  0)  r-iE-j 

Dll  1  700  Gr<0  =  I,  LENGTH 
PTLLEOCGT'.O)  a  .TRUE. 

CO'TI.  liE 
E-  n  It 

G  )  ru  200'’ 


i.estrnyed  target  fcand  ••  resthre  it.  destroy  next 
LENGl 'tl  targets,  and  find  event  Drobsplllty. 

Xrtl.L  (ElESf)  a  .E«l,SE. 

DO  IPOO  CI\P  S  Eicsrn,  FIPST»I,E;<GTHel 


.1 


( 
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_ _ _  J 


n  ( 1 4  s 


1900 

2000 


2100 

2200 

2300 

2400 

2500 

2600 

2700 


KIL^KD(C:i'iD)  a  .TRUE. 
c.'iNTi  -ue 
GO  TO  lOOO 
CONTI JUE 

Crouo  oroL'acH  iries  for  all  tl">es  of  Interest  nave  been 
fount*  (for  .vOEST  ^estroved  tar-jets).  Nrlte  tnei*  and  find 
orojo  orobai'liirles  for  V9EST+!  destroyed  targets. 

IF  (ttNGTH  .I.T.  NT4PGS)  K ILLEOC tENGTHf 1 )  a  .TRUE, 

»RlTr.  (our,  2100  JOtST,  ( GPR05  ( T IHC )  ,  TINC  a  1,  ILRES) 
FoavAP  (X,  13,  X,  <it,aes>(x,  F5.3)) 

IF  C'JOesT  .OT.  0)  T*E': 

90  2200  TIMC  a  1,  ILRES 

ExONOESdlNC)  a  E.XPN0ES(TI9C)*CPR06(TINC)*NDEST 

CONTIi-’.'E 
Fin  IF 
C'J.iTP.uE 

•iPITE  (OUT,  2«0O) 

FIK-AT  (//X,  '  EXPECTED  OF  TARGETS  DESTROTED  AFTER', 

1  '  nvE  ELAP.XtOj') 

•  sirs  (TJT,  Kftr,)  f  tST;u  r«.LOXT(TI'»C-l  )»PELTAT,  yiNC  a  1,  ILBES) 
yPtrE  (OUT,  2N0'')  (EXP-irtSI  i  t.<C) ,  Tt*:C  a  1,  ILRES) 

FIP'MT  txx,  OLXESXX,  FS.2)) 

CO'.TI  'UE 

»ll  oropxbHltles  found  •-  return, 

Kr  TljR  . 

c  '0 
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T  i\  -JFTOTH 


5  ''•PT‘’T 

P’so^ss;  -  Oet^r-lne  t'.e  cro^-aoilltv  tnat  flrer  fires  at  alT  point 

vs,;-,  anr!  nits  taroec  Tne  orocahlllty  of  flit  Is  returned  In 

PTH.  T-ie  ro'jcl->»  Is  basei  on  a  Honte-Carlo  sampllnq  technloue 
•inlcfi  fires  a  nj-ner  of  snots  at  a  taroet,  co'intlnq  the  nun- 
oer  of  bits  w-iicn  occured.  Tne  nunoer  of  hits  Is  divided  by 
tne  n'j''rer  of  ci^s  and  a  orooaollltv  of  nit  Is  obtained, 
AiT'.ino  error  Is  ieflned  In  teri.s  of  a  radluslcontalned  In 
array  *C-;=)  ■dfiln  'hlcn  1/2  of  all  shots  are  exnected  to 
land.  r-,»  radios  in  xnlcn  1/2  of  tne  snots  land  defines  a 
saielnh  dl  str  1  nit  1  on  .*ltn  irean  eanal  to  tne  radius,  r.  In 
orded  to  venerate  rando""  snots  frnn  tne  Ha  lei  oh  distribution, 
the  Te-"»l  first  dra‘S  rannm>  nn-oers  froi*  a  unlforoi  dlstrl- 
ojflon,  then  converts  cnese  to  •'ornal  random  variables.  The 
nnral  ranarni  varla-les  are  tneh  nsed  as  acsolute  X  and  Y 
oftsets  fro"  tne  Intended  aln  oolnt  for  a  oartlcular  shot, 

Tne  -"Iss  distance  frot  tne  al'.  rolnt  Is  exoressed  as: 

i;is7=siHT(X*.<+y*n 

In  orner  to  oenerate  nof  al  randon  variables  for  the  X  and  Y 
o«tsets,  tn*  hcr'-el  dlstrlrutlon  fron  wnlcn  these  variables^ 
are  dra-.n  ’ust  nrnvlde  randnc  variables  X  and  Y  ’ehlch 
satisfy  t-e  ass’-ntlon  that  1/2  tne  tine  tne  distance,  olven 
ny  S'/HI  ( X  •x  +  Y » 1 1 ,  Is  <  or  *  r.  Tne  iT?an  for  eacn  X  and  Y  ran- 
do"  varla-ie  Is  zero,  since  it  is  lost  as  llxly  to  oe  off 
nioh  as  It  Is  lot.  It  can  oe  sno<n  '';atnenatlcal ly  that  the 
varlanles  X  and  Y  dravn  tro"  a  -.(O.ra.dlP})  Ca  normal  djst- 
rrl.-'ijtlon  »ttn  -"eans’'.',  varlahcesr’.dAOl)  "iij,  satisfy  Stm  ( 
x»XeY*>)  <  or  =  r  5h4  of  toe  tine,  vnere  t  Is  the  distance 
fro"  tn«  ain  colnt  In  'ilch  of  ail  snots  fired  are  expec¬ 
ted  to  land. 

Tne  occiai  presently  accents  taroets  only  rectanoular  In 
s-a'-e,  n-j^avfr,  by  uslno  tn*>  'o-ite-Carlo  sanollno  technique, 
any  taro«t  snace  oav  he  used,  orovlded  the  code  Is  erltteh  to 
''eter''lre  *netn»r  tne  snots  fired  lie  tltnln  The  target  area 
or  ojtslia  tne  taroet  area. 

Tnis  rcjtine  also  evaluates  situations  "nere  random  aim  areas 
are  usen  instead  of  fixed  aim  oolnts.  -n^n  random  aim  areas 
are  us»d,  snots  are  fired  at  alo  points  selected  uniformly 
from  a  recta, mular  reolon  »nose  coordinates  are  defined  by 
tne  anaiyslst.  Each  time  a  new  shot  Is  to  be  fired,  a  new  aim 
ontnt  for  the  shot  Is  selected  at  random  from  within  the 
area. 

Tne  nj^oer  of  shots  fired  in  -leterminlnq  the  orobablllty  of 
nit  ray  oe  modified  bv  cnanolnq  the  value  of  msHOTS  Ih  the 
Include  file  i.txC. 

ISCLUOE  'w.l'.'C' 

CcxvT(  /ti/  wCEP(  ■  > r V cES) 

CJa-'O  '  /t,6/  ■•.h/TAyC  •TAP'^S) 
cn  *.,j,  /,^7/  itAHOESC  ■*  rAPGS,  5) 

CJ-  -0I  /I-/  TAPCKSPl  •iTAS'JS.  6) 

CJ''-'OI  /L?/  N..'TYPEC  lARGS) 


CKKKIII  IIIXI  (Kill  (Klllll  IIIHXl  IKKKIIKKI  (KIIKI 


/III 3/ 
CT'-'-'O.  /i,n/ 
C>''o:  /Ills/ 
/i,2;/ 
Cj-'JO  i  /ti29/ 
C  iivn-i  /r^iO/ 
'•  -Ci  /ii31/ 
C  >■>•0  1  /L,32/ 
Cl-^O-J  /ti39/ 


C '0  ' 
C  '  O'- 


/[i41/ 
/'u45/ 
/L  (8/ 


iUMAT  ■P(>.Al-i>TS) 
IAl‘4'-SC'tI-orS,  5) 
M  iC'-‘AK(  'ATvpTS,  4) 
tSfFn,  TSKS02 

'.F 

Av 
■  T 

urn 

tOXF-Trt 
lOXA I « 

tox  tap 

.-.-'xxr'spc  npes) 


C-iA<ACTf:9  »2  TTAKifS,  lAf-'OrS 

■j“ir  Is  use'i  r.o  accj'^'alate  tne  nu-nosr  of  nits  on  taroet  («T  as  the  shots 
are  flrea. 

■  nv  =  u 


Vne  saej  value's  arc  sayel  on  Input  ani  restored  on  conoletlon  so  that 
To-iifin'!  f-*  nu-l’crs  of  snots  fired  «1U  not  effect  the  seouence  of 
ran  10  1  niirers  n9''erarea  In  otner  sections  of  tre  code, 

=  Sit'-i 
I  .-A  -  02  =  5  )2 

■'a, nr  Is  os»d  to  accu'ulate  the  total  n'Ji.oer  of  snots  fired. 

. I  ;t  s  j 

■  Is  set  to  a  KCv  Identlfvlnj  the  flrer's  *eaDon  tvoe, 

/fiA) 

-■-•0  Is  tr.e  eaoon  <Ui  raaius,  Tnls  Is  a  lethal  radius  In  which  the 
effects  of  the  ■'••earon  tlre-l  *111  destroy  the  tanet. 

.--•JA'j  =  i> -XX  f-;  Of '.'1. ) 

C-:p  Is  fe  railus,  co-.verte-i  to  aooly  to  a  circular  norn’al  dlstrltu- 
tlnn,  «itnln  intcn  nne-half  of  all  shots  fired  are  exoected  to  lard. 

C  -  =  -i*  )  »0.  ^4-3 

Xi.FC  -  X  cocrcinate  of  t.o«er  left  flrer  Corner.  X  coordinate  of  loner 
left  corner  oefinino  fixed  position  of  flrer.  This  value  Is 
used  as  tne  x  coordinate  of  the  lo*er  left  corner  of  a  random 
area  In  .hicn  the  flrer  -nay  te  located.  If  a  random  area  for  the 
flrer's  oosltlon  Is  sceclf ledfsoeclf led  ov  FRAHGT>0,), 

XtFC  =  TARCHA8( lOXKlS,  3) 

YLFC  -  y  coordinate  of  Lower  left  Flrer  Corner.  T  coordinate  of  lower 
left  corner  detininn  fixed  position  of  flrer.  This  value  is 
used  as  tne  Y  coordinate  of  the  lower  left  comer  of  a  random 
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ciooiMi  liociti  ortfiri  ocio  rtriciri  t>rir>i>iii)  i>r>c}t>rit>  fir>t>oc} 


«rf‘-a  I"'  «nicn  the  flrer  nav  be  located.  If  a  random  area  for  the 
flrer's  Position  Is  soecif ledfspeclf led  bv  F!»AHCT>0.), 


F 


YLrr  =  4) 

F^A-iGT  «  rirer  Rari-.ioi  Area  “elaht.  A  randoi?  area  Is  a  rectangular  area 
In  »r\lch  the  ftrer  may  be  located.  The  position  of  the  flrer 
Is  assured  enuaiiv  lltcely  any  where  within  the  random  area, 

FSAHGT  a  TAPCHARdOXFTR,  S) 

FRAjIii  -  Flrer  Random  Area  «ldth.  width  of  a  rectangular  area  In  w’filch 
flrer  Is  located. 

FRAwIO  s  TARCHABC tOXFIR,  ft) 

Determine  vhetner  a  random  or  fixed  flrer  area  was  soeclfleU,  Tne 
mtancn  Is  taren  If  a  random  area  Is  desired. 

IK  (FdAiGT  .'Z.  0.0)  GO  TO  SOO 

Set  toe  flrer  wldtn  and  nelmt  for  a  fixed  flrer  oosltlon. 

F't'vri  3  VA-JCdARi  rofFik,  j) 

K-tl'JiT  3  r  ARCHARC  i  vaKIR,  1) 

Cnmoute  tne  center  of  tne  flrer's  area  "itn  resoect  to  widtn(Fi»02  - 

Kir-r  .idrn  Olvilmd  sy  2). 


ton  e->‘?  3  ■ 

Co-',  ate  tne  center  of  tne  flrer's  area  with  resoect  to  hel'antCFwD2  • 
Flrmr  delomt  divined  ov  2). 

e'  :-.?  3  Fd.:r;m  ;V2.C 


x-i'-'H  -  X  cocrdir^.te  of  Kirer  Center.  Aosolute  position  from  origin  of 
of  flrer's  renter  tn  X  direction  wltnin  flrer's  reference 
niame.  If  ^  random  flrer  area  Is  specified,  tne  center  of  the 
flrer  Is  assumed  to  be  tie  center  of  the  random  aim  area. 

’('"CrS  3  {l,rCmr''m2 

YfCYR  -  V  coordlrat«  gf  Flrer  CenTeR,  Aosolute  position  from  orloln  of 
flrer's  center  In  Y  direction  wltnln  flrer's  reference  plane, 
Tne  point  ( XFCTR, YFCTR)  Is  assumed  to  be  tne  Point  at  which  all 
s-ots  are  fired  from  In  tne  flrer's  reference  plane. 

fFCTR  3  YDlCfFHOi 

G  '  'O  o01 


use  ran<io’’  flrer  area  width  to  determine  expected  point  from  which 
snots  are  fired  from.  Snots  are  expected  to  be  fired  from  the  center 
of  tne  random  area. 


I 

'  I 

i 

I; 
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d 


500  ~iI’)TH 


P«A«I0 


Use  r^o'io’i  fleer  area  helqht  to  deteralne  expected  point  from  wnlcn 
soots  are  fired  tro’i. 

Freight  s  f»ahgt 

C.3  TO  400 

RAIMHGT  -  Fandom  AX'!  oolnt  area  HelGOT.  The  random  aim  point  area  Is  a 
rectanoular  area  In  ohlcn  the  flrer  Is  expected  to  aim. 

Before  each  shot  Is  fired  an  aim  oolnt  is  selected  from  this 
area  at  rando’i  assuminq  all  oolnts  xlthln  this  area  are  as¬ 
sumed  eooailv  llicelv. 

600  RMmHOT  s  AI''CI'A«(^.A^^,  3) 

RAT"*tO  -  Random  AIM  Point  area  xiotn. 

=  Ar‘'CHAPC.>iA'<,  4) 

X'l.C  -  X  coordinate  of  random  Aim  point  area  Lo*er  left  Corner,  If  a 
fixed  alii  point  Is  used,  this  Is  the  Y  coordinate  of  the  fixed 
al-  point  In  tne  taroet  reference  Plane. 

XM,C  =  SI-.CilA»('  A",  1) 

VAi.C  -  i  coordinate  of  random  Aim  point  area  Lower  left  Corner.  If  a 
fixed  at"  oolnt  Is  used,  this  is  tne  Y  coordinate  of  the  fixed 
alT  oolnt  In  tne  taroet  reference  olane. 

lALC  a  AI-‘C'tAR(  ■jAm,  ?t 

TdFiGir  -  nolMhc  of  rectanqillar  target  area. 

T  i.-:iG  I  r  =  T  APCHAR  f  ,1  ,  1  ) 

T.r^rt  -  /tdtn  of  rectanouiar  taroet  area, 

l'.i.ird  =  iS'vCtA-,!  V,  '<») 

dotaln  tie  ne-f.er  of  r  eel  an  ou  I  ar  taroet  are*  "Itn  resoect  to  helontt 
I  ■  'J  -  lar''»r  H«l'ihr  nivided  ny  2). 

1-02  =  i'-ifIGM7/?.0 

iiotaln  the  center  of  rectanouiar  taroet  area  In  terms  of  wldth(TaD2  - 
Taroet  -Idth  Divided  by  2', 

T.n2  =  l’ainTR/2.0 

I'^AHcr  -  Taroet  Ranoom  Area  helGnr.  Tne  random  taroet  area  Is  a  rec- 
tanoi'iar  -irea  In  wnlch  tne  taroet  Itself  Is  Positioned.  The 
oosltlon  of  the  taroet  w^tnin  tne  random  area  Is  selected  as- 
sumlno  each  nosriple  position  Is  eoually  lixely. 
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f>r>r9r>c>ij  r>ijc»tJHTi  oticicj  r»i>r>  ticiotiii  cificiocititi 


TMrGr 


l  asC-'AhC:  T,  SJ 


XLfC  -  >.  coordinate  of  toe  ho-ttr  left  Taroet  Corner.  Normally,  XLTC  is 
is  toe  X  coordinate  of  io<er  left  corner  defining  a  fixed  target 
oosltloo.  If  a  random  target  area  is  soeclfled,  tnis  Is  tne  X 
coonlrate  or  tne  lo-er  left  corner  of  tne  random  target  area. 

XLTC  =  TAilCdAt  l  ,1,  X) 

yi-TC  -  t  coordinate  of  tne  toxer  left  Target  Corner.  Normally,  VLTC  is 
tne  i  coornnate  of  loxer  corner  defining  a  fixed  target  posi¬ 
tion.  if  a  random  target  area  Is  specified,  tnls  Is  the  Y  coot- 
olnate  of  tne  io*er  left  corner  of  the  random  target  area. 

YLTC  =  7A^CHAR(;.r,  1) 

XCTORTA  -  X  coordinate  for  tne  OeoTeR  of  tne  Random  Taroet  Area. 

TARCHARCiT.fi)  Is  tne  dilitn  of  the  random  taroet  area. 

XCTSPCA  =  TARCHAA(,f,  3)-T*T0TH 

xCTSKrA  -  Y  coordinate  for  the  CenTeR  of  tne  Random  Taroet  Area.  The 
cotrt  C  XCTRtl'A.VC'.  RoTA)  Is  tne  center  of  the  random  target 
anaa  relative  to  tne  origin  In  tne  target  reference  plane. 

VCrnRi’A  S  T-JA'^GT- r■•<K^gM  r 

x'-TTR  -  X  coordinate  of  laroet  CenreR. 

x'.ctr  s  r.o5+xt.rc 

xrcTR  -  Y  coordinate  nf  lariet  CenTed.  The  oolnt  ( xrCTR , YTCTR)  Is  the 
center  of  toe  target  area  relative  to  the  origin  In  tne  target 
reference  olane. 


i-rCTR  =  TdnjeYt.TC 

Cc’t'ute  fe  distance  from  the  flrerioolnt  xhere  toe  snot  Is  fired)  and 
tne  t^r  let  center  i'  tne  flrer  is  projected  Into  the  target  reference 
o  1  ane . 

Xf.lisr  =  '  to  rn-.  TCTR)»»Y  +  {  YFCTS-YTCTR)  **2) 

Comoute  toe  arsoiote  distance  oetieen  the  flrerCoolnt  xnere  snot  Is 
tired)  and  target  center  ov  Inclu-ilng  tne  separation  distance  between 
reference  planes. 

jTST  =  ■;  )  >1  iXVniSi  »*2»vSFRnxs*»2) 

rne  distance  factor,  ■F-'Ctj'’,  Is  used  to  modify  tne  radius  In  wnlcn  1/2 
ot  all  snots  are  expected  to  landlC-JR).  Tn»  distance  factor  Is  computed 
oy  taKlr.g  tne  ratio  ot  acsolute  distance  to  tne  reference  plane  separ¬ 
ation  distance,  since  toe  CnP  value  was  determined  using  the  plane 
separation  distance. 
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Dr'ACTlS  =  ClSr/-’Sf:t'3IS 

Sl'i-'A  Is  tiodl£l“d  sv  distance  tactor  to  generate  random  hit  points 
^f^lcn  are  excecteJ  to  fan  •.’itnin  a  circle  •Itn  Increased  radius  pro¬ 
portional  to  cne  Increase  In  distance  Between  tne  flrer  and  target  nor- 
Tslized  bv  the  Plane  seoaratlo"  Itstance. 

5 1  d  ‘  A  =  C  £  ?  ♦  0  f  A  C  r  '*  A 

sidvAF  Is  used  to  store  tne  value  of  2asI'3MA**2  for  ootlmlzatlon 
ruasons,  oreventlm  tnis  caicjlatlor.  from  ssing  re-evaluated  several 
tires  *nen  It  Is  later  used  to  find  tne  nit  oolnt  for  this  shot. 

=  -2.a?n-'<A*si'nA 

XAI'C'iR  -  X  AIM  oolnt  Cho^dlnate  value  relative  to  the  target  reference 
Olane  orlnln. 

XAI  'C  Id  =  A  1-.  ChA'^C  ■,  A-  ,  1  I 

f-i'CvA  -  f  A  [•<  oolmt  Clo^dtnate  value  relative  to  the  tanet  reference 
Ola re  orloln.  a  fixed  al*  oolnt,  XAIMCTR  and  YAImCOR  are 

fe  coordinate  valu-s  of  tne  fixed  atm  oolnt.  If  a  random 
all*  area  Is  deslreo,  XAIaCQR  and  yai-icor  .ill!  oe  redefined 
oefnre  tn*v  are  use-i  ny  selecting  a  random  aim  oolnt  from 
t^e  ran  io -1  aim  area. 


Y  A I  iC  iR  =  AIv-CHAR  (  <A  1,  7) 

Incre»ent  tne  njm-er  of  snots  flrer  to  Indicate  firing  next  snot. 
i?-i  IT  a  '.•5.1)1  »  1 

It  .e  nave  <*xceed-d  tne  maximum  nu*Aer  of  snots  necessary,  the  prob- 
a-iiltv  of  •'ir  can  re  det»r‘"lnel  ani  tne  orsncn  is  ta<en, 

lA'  (..s-iiT  ,.;r.  «s«GfSi  Gi  ro  idoo 

Tf  flY«i  ai-  ppi-it  Is  use"!,  “Ar-dJTaO  and  branch  Is  taxen,  otnervlse 
'-r'out'*  ■n“*  aim  oolnt  coor-*lnates  fro'"  random  aim  point  area, 

!.=■  (RAI  dir  .-I.  -GJ  rj  1200 

Obtain  nev  al'm  oolnt  X  eoor'llnate  from  rando.m  aim  area.  Select  a  point 
uniformly  fro*  tn«  xl-’t'*  of  tne  random  aim  oolnt  area ( R •  I mx lo )  and  add 
tre  aosolute  oosltlm  of  tne  lo»er  left  corner  of  tne  random  area. 

C'L,h  RA-IOI.'  (tSS^Ol,  15E£02,  J) 

XAl.'iC'jR  =  U»  «iOTn»XAl,C 

Obtain  new  Y  coordinate  fro'm  random  aim  point  area. 

C'-UL  HAJOU  lAVrh?,  -j ) 


129 


If  a  fixed  tanet  area  xas  soeclf ledlTRAriGTsO) ,  tne  point  (XTCTR » YTCTP ) 
already  Identifies  tne  location  of  tne  Xo«er  left  corner  of  the  fixed 
taroet  area  reiatlye  to  tne  orloln  In  tne  target  reference  plane.  If  a 
randoK  target  area  Aias  desired,  valjes  for  XTCTR  and  TflCTR  are  reas¬ 
signed  In  tne  folio*lng  section  oefore  the  next  snot  Is  fired, 

1200  IF  (TPAHGT  .EQ.  0.0)  GO  10  1300 

Conpute  new  X  coordinate  (or  lower  corner  of  target  In  random  target 
area.  Tne  X  coordinate  of  tne  lo*er  left  corner  Is  selected  randomly 
from  a  line  segment  wnoose  lengtn  Is  given  oy  tne  width  of  the  random 
target  area  rings  tne  width  of  the  target  area.  This  olaces  the  lower 
left  coordinate  relative  to  the  lower  left  corner  of  the  random  target 
area.  To  ootaln  the  center  of  the  target  relative  to  the  lower  left 
corner  of  tne  rando-  target  area,  one-half  the  target  width  Is  added 
(T.D2).  Finally,  to  Place  the  X  coordinate  of  the  target  center  rela¬ 
tive  to  the  origin  of  tne  target  reference  olane,  the  lower  left  corner 
of  the  random  target  area(XLrC)  Is  added, 

CA(,f.  RalOlf  (ISoEOI,  ISFFD2,  U) 

x  rcrs  =  'i«xcr«RTA  +  i  o2exi,fc 

C»LL  aAO'J  (TSF'-Ol,  1>;FE02,  U) 

The  new  y  coordinate  for  the  target  center  Is  ootalned  In  a  similar 
fashion  Indeoen lantlv.  tne  oolnt  (XTCia,  VTCTR)  now  contains  the 
Dosltloh  of  tne  recently  oiaeed  target  area  relative  to  the  origin 
In  the  target  reference  nlane. 

rrcrs  »  d«YCT8RTA*TH02*yLrc 

XfhT3T  =  S?PT((XfClJ-XfCrP)t*2t(VFCr9-yrCTR)**2) 

Mow  tnat  the  new  target  oosltton  has  oeen  determined,  the  distance 
tetween  tne  flrer  an-'  target  center  Is  conpoted,  the  distance  factor 
Is  ohtalnea,  and  .•IT'-T  r*deflned  for  the  possible  change  In  separ¬ 
ation  oistance  fro;r.  tne  orevloas  target  position.  This  allows  a  new 
slcma  factor,  SlG-a-,  to  oe  used  in  ootalnlng  the  coordinates  for  the 
newt  snot, 

DIST  =  hoorf  X  nTST*«2e'd5EP0IS*«2) 

QFACrJR  =  OIST/'S-POIS 
S1G'’A  =  CEP»hrACr''0 
Slr,/AF  =  -2.*SIG''A*S1G'-'A 

At  this  joint,  tne  distribution  for  snots  fired  at  the  target  has 
been  .deter mined ( by  calculating  the  distribution  variance  stored  In 
siS''''i),  tne  elm  point  has  oeen  determined! stored  In  XAl.wcOR,  YAIRCOR), 
and  the  target  nas  meen  posltlonedfcenter  of  target  In  XTCTR,  YTCTR), 

»e  "fire  tne  shot"  oy  selecting  t.o  uniform  random  varlablesCUl  and 
•'2)  from  me  real  Interval  (a.,l.).  rn»se  values  are  then  converted 
to  two  nor.T.ai  rando"  variables  (X  and  Y)  having  meansO,,  variances 
SIGwAf*2  via  the  transformation: 

Xsmsan»SO«T(-2mvarlancef[,OG(UU  )*COSt  2*ol*U2) 
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r=^ean+SQRT(-2*vartance*l,OG(Ul))»SlJi(2*pl*U2) 

<ihere  ols3.J459 

rjoTE  -  rnls  t^cnlnaue  for  generating  ^orinel  variates  from  the  uniform 
dlstrloutlon  Is  oescrlne-1  In  the  oooic:  "Concepts  and  Methods  In 
Discrete  Event  nigltei  simulation",  oy  George  S.  Flsnman,  P.  213. 

CALL  9AN0U  (ISEEDJ,  ISEED2,  U) 

IF  CO  .GT.  0.9999)  U  a  0.9999 
IF  (U  .LT.  0.0001)  U  a  O.OOOl 
S')  a  SIG«AF*ALOGC0) 

CAiM,  oa-IDU  (1.SE''01,  ISEED2,  0) 

XSrlQT  a  X  A I -(COR  tS  .P  f  (  S ') )  VCOSC  6 . 29  3  1 9*U  ) 

CALL  RA^OO  (ISEEDl,  ISEE02,  0) 

It  is  necessary  enen  evaluatlno  the  ALOG  function  that  the  UC0,1) 
value  does  not  aooroach  zero  to  closely,  as  the  function  Is  undefined 
at  that  oolnt.  It  Is  also  necessary  that  tne  'J(0,1)  value  not 
aooroach  1.  to  closelv  as  this  aoull  result  eventually  In  tne  square 
root  of  a  nuncer  very  close  to  zero. 

IF  (IJ  .GT.  0.0999)  U  a  0.9999 

IF  (U  .LT.  O.ooOt)  U  a  O.OOOl 

S<  a  SIG''AF*AL0G(!I) 

CALL  ■^A  DU  (ISF.EOi,  ISEE02.  U) 

fSnOT  s  YM'<COR+S‘-RT(SO)*SI'i(A.283t9VU) 

Tne  oolnt  (XSAOT,  iSiCGT)  Is  the  oolnt  at  <(hlcn  tne  snot  nits  In  tne 
tarnet  reference  olane  relative  to  tne  taroet  orliln.  If  the  X  coor¬ 
dinate  of  the  snot  falls  to  tne  left  of  tne  left  sl'le  of  tne  target, 
or  to  the  right  sloe  nt  me  taroet,  tne  shot  misses  and  the  branch  Is 
taken  to  orevent  reolsterlm  a  direct  nit. 

IF  (X3H0T  .LT.  XrCT‘<-TwD2  .OR.  XSHOT  .GT.  XTCTRtT-<D2)  GO  TO  1600 

If  the  r  coordinate  Is  oelo*  the  sot tom  of  tne  taroet,  or  above  the 

too  of  tne  tan«>t,  the  snot  misses,  and  tne  branch  Is  taken  to  avoid 

registering  a  direct  nlc, 

IF  CYOn-.r  .LT.  YTC|A-iUn2  .OR.  tSHOT  .GT.  YTCTR ♦  rR.')2 )  GO  TO  1600 

The  snot  n^s  nit  tre  target  area.  The  number  of  target  hits  Is  Incre¬ 
mented. 

N^IT  =  -HlI+1 

dranch  to  fire  next  shot. 

GO  TO  noy 

This  snot  nas  missed  the  target,  noxever,  deoendlng  on  Its  proximity 
to  tne  target,  may  Inflict  enougn  damage  to  tne  taroet  to  register  a 
nit.  If  the  target  center  Is  within  the  lethal  radius  of  the  weapon 
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Ootn’jt  trie  flrer  •lu-'oer  lieittfler,  aim  oolnt  nuurjer/ldentlf ler,  t«r- 
nii':'''»r/ldentlf ler  and  cronahillty  of  nit.  Should  unexolalned 
results  ae  found  ■nen  exaflnl-ig  the  sl’iuijtloh  outout,  it  Is  often 
useful  to  vie-*  tn»  orobabllttles  of  hit  to  locate  oosslble  errors  In 
Ino'it  data,  for  a  large  slf.ulatlon  there  may  be  a  considerable  nuTber 
of  orooabliitles  rrlnted.  Should  this  statement  generate  too  much 
outout,  the  user  "av  choose  to  maice  this  statement  a  commentCby 
olaclhd  a  'C'  In  column  1)  *lthout  affectlno  the  simulation  results. 


S'i0f(O'jri'JE;  '•pl.t 


PiiPiJOSe  -  t*!*  Tain  ournose  of  r^e  GI!*PUT  suoroutine  is  to  qet  all 
necessary  Inoot  neeleq  to  aerfor"'  the  SAS  simulation. 

This  Includes  all  Inoot  In  the  Inout  data  file,  the  aim 
oolnt  data  file  and  tne  taraet  lata  file.  An  attempt  Is 
made  to  read  each  of  these  flies.  If  all  Information  has 
not  Been  seor<*d  In  tnese  files  orevlously.  It  *111  be 
ootalned  Interactively.  This  routine  also  allo*s  Inter- 
actlye  .10 11  f Icat  1  on  of  data  contained  within  these  flies. 
Tnis  bernlts  the  user  to  set  up  the  data  to  perform  analysis 
of  a  baseline  situation,  then  modify  certain  elements  of  the 
data  to  define  an  l-nprovent  option,  for  example,  easily  due 
to  the  Interactive  method  of  data  entry  and  retrlvai. 

The  'li't-ur  routine  Is  also  used  to  Ihltlallze  the  aim  point, 
taroet  and  nronaoilitv  of  hit  data  base  flies  and  to  mane 
sure  correct  orobaol 1 1 1 les  of  ntt  nave  neen  obtained  for  all 
taroets  In  their  Initial  positions. 


O-O'I 

/i4/ 

PTKXI'^TI  v  fAVG*;) 

CO'eQ'i 

/Ij4/ 

c  jr-;  f  f  (  V 

r  aaga) 

C)*  0  . 

/'-n/ 

T 

*■  P  ) 

r.j  -i-'G  1 

/n/ 

t 

TAPGS, 

C.'  -'  'O'; 

/Ln/ 

TA'-T-.S, 

<n  1 

'I  >TYPc  (  TARh«;) 

COV  .-O', 

/f,l  J/ 

•  TAOdS) 

C'V'J  1 

/LIl  / 

'■'  » 1  P  P  Y  { 

■  TA^US, 

C  )  1 

/'A2/ 

.TC',i  » r( 

■lA'-ds, 

C  ' '  '0  < 

/u\^/ 

•  ‘0  ■■  A  1  ■  P  ( 

A  t ' PI « 

CJ  ■'  ■•O  ' 

/r,i  4/ 

TVI‘ nS?C 

•Ai''pr« 

C  '  ■■•'T! 

/L15/ 

A  1"  C  '  4  ( 

■fcl'PTA 

n  :  0  ' 

/I/1  s/ 

’'TPITG-'I 

■'Ai'orh 

C  '■■■  ■•f  . 

/M  a/ 

PT.'K  -  r '( 

C  ' '  0  . 

/r,l  3/ 

♦  A  '■  t.  ■  P  ■■  C 

3) 

O',  ^  J 

(S) 

C  ■  1 

/G?  1  / 

-M.'u  f  ^  ) 

'0 . 

/',7  2/ 

JiStTA 

C"'  ■■•'T- 

TPPX 

0  ■"■‘hi 

/I7i/ 

1  AT 

r  ‘ ■  0  , 

.  I'APS 

C  1  .1  ! 

/  b  / 

1  A  I 

C.-ix  "O'l 

I?KF,0l  . 

loFEO? 

c  'O'l 

/f,2a/ 

'.SOU'  0>  ( 

“I  ARCS) 

C  "■••0  ; 

n,  14 1 

Q  .I  «  M  0  *1 

21,30/ 

•■A' 

C'd  ITO'i 

/ 1, 3  1  / 

,T 

C  .  ■  ■0  J 

/b32/ 

PTH 

C0"<0-l 

21,33/ 

•'AtET  TS-CA) 

Cd 

/L312 

.A  ■  i.4GPld  ) 

COdwOV 

21,36/ 

ISTA  1  '.'hi 

•'SrATC, 

COdwOX 

21,372 

ST ATVSCP 

si«ic,  : 

2L3a2 

■iSTA'TCh 

c  )-  -O'l 

/[,3<;2 

lorFiP 

5) 
f ) 


•it  <PrY) 

'1  """-AT  ) 

5) 

4  > 

-  I'dITGA) 

•:t*P0Y,  -TrilTTA) 


2) 

2) 


Cny^O'i  /L40/  ■'T-'A 
CO'-IIJ'.  /Ijil/  lOXAl'l 
/U44/  TSTART 
I  /'o<*6/  lOXltR 

/L,^6/  IT';s.luR(  iTAhGS,  ''CRO’IPS) 

C'-'.Oi  /L49/  ITITI.s'ChrirLrS,  IiTTLEL) 

/l,50/  JrifLES 

CHAPACTER  AI  ICHAP.  ine^UG.  ISCHAR 

Ct'APACTER  *2  lA'-t.-Pf,  •i«'<EinF.  'lA-eOAF,  NAXETDF,  'JAmEADF,  IAIMOFS, 

1  ITAHOES 

CHARACTER  *10  ■'IDar,  'TDF.  ■\.AOF,  *JOPF,  -JIOF 

T*ie  na.’ifs  of  various  Inout  ani  output  flies  used  bv  the  SAS  model  axe 
desrrloed  as  follows.  Each  tile  na-ne  nsy  be  at  most  10  characters  In 
lenoto, 

:nsF  -  '.a-"*  for  probability  of  nit  data  base  file. 
vroF  -  '•a^e  of  target  data  oase  file, 

'iADF  -  --a^e  of  al"  colnt  data  oase  file. 

''TPF  -  <a-«  of  cutout  file. 

'■lOf  -  .a'e  of  Icout  lata  flla. 

fbe  contents  of  each  of  tne  data  files  Is  sumnarlzed  as  follo<(s: 

■i.iAP  -  contains  t"e  nrcoaollltv  of  nit  tor  a  given  flrer,  aim  point 

and  target.  \n  entrv  of  -1.  for  a  particular  flrer,  aim  point 
and  target  Indicates  tnat  tnls  probability  has  not  yet  been 
■■eternined.  Tnls  file  is  filled  *ltn  -I's  wnen  the  file  Is 

l.nltlalltea, 

MhE  -  rne  tariet  d->ta  file  contains  lO  Items  aoout  each  target  In  the 
simulation,  ’nese  Items  are  listed,  as  tney  are  stored  In  the 
data  base ,  as  foil  c-fS  ; 

1)  Target  nimrer  "nicn  unlotelv  Identifies  each  target, 

2)  lO  c'aracter  taroet  c»scrlotlon, 

3)  target  size,  exoressei  as  heiqnt  and  eldtn, 

1)  flag  l>'dlcatlnj  .netner  target  Is  fixed  or  randomf'F' 
irtlcates  fixed,  'R'  indicates  random) 

a)  If  fixed,  tn*  tile  contains  tne  fixed  position  of 
toe  lexer  left  corner  of  tne  target  relative  to  the 
origin  In  t^e  target's  reference  Plane  and  Is  given 
In  terms  of  K  and  y  coordinates, 
c)  If  random,  tne  file  contains  tne  height  and  width 
of  a  random  area  In  ahich  tne  target  Is  positioned 
and  tne  fixed  position  of  the  lower  left  corner  of 
tne  random  area  relative  to  tne  target's  reference 
reference  Plane  given  by  an  X  and  Y  coordinate. 

S)  flag  Indicating  wnether  or  not  the  target  can  fire  a  weapon 
('V'  indicates  ves,  'd'  Indicates  no), 
fi)  xey  inxicatlng  tne  »eaoon  tvne,  if  the  flrer  has  no  weaoon 
typelle  -  can  not  fire)  a  zero  Is  entered, 

7)  nunner  of  rounds  of  ammunition  available  to  the  flrer, 

9)  the  flrer's  response  tl»e(tMs  Is  tne  time  before  the  flrer 
fires  nls  first  snot). 
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•5)  ^1-.  points  »nict>  flrer  nay  ftre  at  listed  by  priority, 
and 

10)  A  list  cf  t-’rnefs  tnlcn  nay  be  collaterally  damaged, 

“ -.C'F  ••  Tbe  ai-'  ooi.nt  .-‘ata  file  contains  4  itens  *'nlcn  define  Key  aim 

oolnt  infor.  acton  re  iulred  for  tne  simulation.  Tnese  items  are 
llstaa  as  tmia.s: 

1)  Al™  oolnt  nu.rar  «dlcn  Identifies  each  aim  point  uniquely, 

?)  10  character  ai^  oolnt  oescrlotlnnCnormally  this  descrlotlon 
corres-'onHs  to  tne  crlnarv  tatoet  associated  with  this  aim 
oolnt )  , 

3)  a  flao  indicatin':  -hetner  tne  aim  oolnt  Is  fixed  or  random 
?'=•'  Indicates  fixed,  imlnates  random)  where, 

a)  If  fixed,  flxe'i  tosltloh  of  the  aim  point  Is 

nlven  relative  to  tne  orliln  in  the  taraet  reference 
■nlan“(not  •’pe  fixer  reference  olane)  by  an  X  and  a 

/  cooral  name. 

b)  It  ra.ndo"",  the  position  and  size  of  a  rectanaular 
ra•^jn■.  al^  area  is  nlven  by  soeclflno  the  lower 
left  cnrnex  pf  tne  area  oy  an  X  and  a  Y  coordinate, 
an*  fne  '-eln'it  and  *tdtn  of  the  random  area,  and 

i)  a  list  of  taroets  •nlcn  nay  oe  nit  by  firing  at  each  aim 
colnt. 

-  inis  file  coafeins  so'-axjrod  xesults  obtained  from  the  simula¬ 
tion.  =  es'.'lts  are  classlfl»d  into  tnree  nain  orouos: 

')  brnPa-llltv  of  nit, 

7)  oronaoiitlv  t-'at  a  sartlcjlar  taroet  exists  vjth  time,  and 
3)  exceeted  o'^m'-r  of  targets  left  and  conditional  probability 
that  a  sneclflc  n^-ter  of  taroets  re-atn  with  time, 

I  iw  «  ’•he  Incut  -'ara  £11-  cci  tains  tnfor’atlon  which  Identifies  the 

location  of  al  •  colnt,  tor  ’-t,  ang  c-ooaPliltv  of  hit  data  ore- 
vlousl''  entered,  oives  r,.-  duration  of  tne  simulation,  soeclfles 
cow  cftem  sl-i)!atl'>n  results  snoujd  oe  orlnted,  and  defines 
n-m  all  tnrn-C  status  c*an:ns  occur, 

r  .Lyiin'Cf  c-r-i,  A  '■■•:r(i)) 

r  .  f  A  -:''---C')) 

n.^rvio--  f  i"'?,  A -SiC'-f  1  )  ) 

-■  .u  ryniic'  Ci  (  jpw,  ■.  a  •= -.o-'f  ( , 

e  ;ji'/AL':vC':  ci-’f,  •  a  ■•cmid)) 

I'lttailT.e  f]aos  used  In  rea'ilm  Inout, 

•1  =  -1 

F'^AG  Is  used  to  Initialize  tne  values  used  In  the  probability  of  hit 
data  nase. 

f  LAG  =  -1.0 

•  '  =  <j 

Z  =  h.(i 
ISTAi'CF  =  0 
j-nrcs  =  n 
'•’■'-res  =  0 
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ifA>>E:  Is  use'1  to  InUcate  tf>e  logical  unit  nu'*b«r  of  the  primary  Incut 
(^•vlc#.  MTASt  Is  tntclallv  set  to  5,  imicatlno  tnat  Incut  Is  to  be 
octalnel  Interactively  tron  tne  terminal,  STAPS  It  later  cnanged  to  1 
If  tne  Inrut  -lata  nas  been  crevloutly  stored  In  a  dltn  file. 

jfAoe  a  5 

Set  tne  record  sizeiin  oytes)  of  eacn  record  contained  In  tne  tarcet 
data  case.  Tne  basic  record  iengtn  Is  S9  oiut  tne  length  required  for 
aim  points  and  coU-*teraiiv  effected  targets.  Each  aim  point  and 
collateral  target  nuiioer  reoulres  3  characters. 

laTSECSZ  s  oadBe'  alVPRY*  >•  'TCOLAT 

Set  tne  record  sizeiio  cytes)  for  records  contained  In  the  aim  point 
data  file.  3  cnaracters  *re  alloted  for  each  taraet  number  which  may 
oe  hit  nv  flrlnc  at  a  given  aim  point. 

■iahccsz  s  ,i  +  i»'T-nnA 
nl-'M  =  ■'T.\SG«;«v4i.p  rs 
T'^PE  •,  '  '.A'~  TP  ['.P'lr 

«rA,)  (5,  20n,  ERR  a  100,  ‘-.r,  s  10'>)  ( •  A  iCIOF  1 1 ) ,  I  s  1,  5) 

PTWAT  (a\2) 

(uwr  a  1,  .“rr  =  MrF,  rypc  a  'UhXMTaN',  ERR  s  14O')0) 

If  the  iser  ''isres  to  rodlfy  dara  ir  either  tne  aim  oolnt  or  target 
data  oase  files  prior  to  sl-ularion  erecutlon,  an  is  entered  In 
In  response  to  tne  "ext  nuestlon,  ff  all  Inout  nas  been  entered 
previously  and  tne  user  l5  re*dv  to  run,  a  'R'  Is  entered, 

rifPE  ♦,  '  vrotry  taocets  tr  k',m.?  M-dooiFy,  r-run' 

RtAO  (■>,  «?00,  EPR  a  300,  F‘ 0  a  l)  j)  IDSfiUtl 
IF  (XOfcarj-  .A-0.  tr-ajj  .hr',  'rt')  SO  10  300 

An  atte-nt  Is  ’ade  to  read  tne  first  record  fro"  tne  Inout  data  file 
If  tn«  read  Is  successful,  tr.e  flan  ifAPF,  Is  set  to  1,  sreclflng  that 
Inojt  snnuld  co'e  froT  this  tile  not  from  tne  terminal. 

tstast  Is  the  tl^*  at  >nicn  results  from  the  simulation  are  first 
orlnted,  the  si  'Ulatlon  Itself  In  alsevs  assumed  to  begin  at  TI“E=0. 

Is  the  laxlTun  tl"*  for  tn»  simulation  to  last. 

READ  (1,  »,  FRR  a  l''2nn,  r-.o  =  ?0n)  rSTART,  TmAX 
MAPE  a  1 

PELTAT  Is  the  tl-e  cet>een  result  outout  dlsolays. 

READ  (1,  «,  ERR  a  l'17no,  FSO  a  mOC)  OELTAT 

■^TITLES  Is  tne  hui'cer  of  titles  used  to  cesclne  this  simulation. 

READ  (1,  *,  ERK  a  1420o,  P  no  a  14400)  iTTITLES 
UO  500  T  3  1  ,  -jTITLfS 
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iriT'^rs  is  a  cn^.r'icter  array  containtna  text  which  describes 
the  current  simulation  to  the  user. 


RtAO  (1,  4U0,  ERR  =  14200,  EoD  =  14400)  (ITITLECI,  J),  J  =  1, 

1  ■«TTTLrL,l 

400  FOR  -, IT  (<>•  t  rTL“'t,>A2) 

500  C'-’NTI'IUE 

Read  other  tile  na-res  fron  the  inout  file  and  open  these  files. 

PFAO  (1,  200,  FOR  S  14200,  FNO  =  14400)  CNAMROPFCI),  I  s  1,  5) 

DPEO  (UIIT  =  ),  "A-E  a  VOPF,  TYPE  a  'OE-',  ERR  a  14900,  RECORDSI2E  a 
1  133) 

HEAO  (1,  200,  ERR  a  14200,  Ei-O  a  14400)  ( MAVEDRFl  I )  ,  I  a  1,  5) 
nPE'i  coat  a  2,  M  -.E  a  ‘OPF,  TYPE  a  '  U  NK.*)  OWN ' ,  ERR  a  14600,  ACCESS  a 
1  'OIPECT',  P.-COPOSIZE  a  1) 

Read  the  total  hU’-onr  of  tercets,  ali'  oolnts  and  tartjet  status  chanaes 
Into  jrARS,  .)AIiS  and  JSTATCS  rescect 1 ve ly , 

PEACI  (1  ,  600,  ERR  a  11200,  ‘NO  a  14400)  JIARS,  JM^S,  JSTAICS, 

1  (•  A  'E fOEC f ) .  1  =  1,  5),  (nAwEADFCI) ,  r  a  1,  5) 

600  P'OR-iAT  (313,  10^2,  1042) 

QPE'.  (Car  a  a,  f4‘E  a  aOE,  TYPE  a  'U',K  .,0 1  S’ ' ,  ERR  a  14700,  ACCESS  a 

1  'jIAChT',  R^'C'IROSIZE  a  STRhCSZ,  EORM  =  'F0R4ATTFD',  RECORDTYPE 

2  a  'Hfi/j'j 

OP-.S  (C‘'IT  a  7,  ,',AVF  a  ’UOp,  TYPE  a  'UshNOwN ' ,  ERR  a  14800,  ACCESS  a 

1  'hIRECV',  RtCOlOSlZE  s  ‘ARt’CSZ,  FOR”*  a  TriRNATTED',  RCCORCTYPE 

2  a  'FIXED') 

Cn  TO  31  Oh 

700  r'K’‘Ar  (I»,  5A2,  6f7.3,  12,  14,  F7.2,  <v  A I  .■■iPaY>:  3 ,  tlTCOLATPI  3 ) 

300  FCR'AT  (13,  6'2,  1E7.1,  <-THI  rtlAP  1 3  > 

Receive  licit  Interactively,  an  e^rty  input  tile  was  found.  If  an  end- 
of-tlle  lidlcatorfCTRi,  Z)  Is  Uven  Jn  resnonse  to  the  next  question, 
t'e  lilt  1  a  I  Ir.at  Ion  of  aln  point,  tarqct  and  probanlllty  data  bases  eay 
pe  -erfor'e-i,  Fxa  .■'Inatloi  or  rml  f  lc»r  1  on  or  soectlc  values  In  the 
oroiailllrv  data  base  car.  also  t-e  acccno 1 1  sned . 

900  TYRE  «,  '  STAPT  ll"':,  END  TThE  FOR  SlVOLATIrN  OUTPUT?' 

•R'.dO  (5,  «,  ESR  a  900,  pnD  a  1000)  TSTART,  tvaX 
IE  (TSTAPr  .OF.  o.;i)  i;c  to  2200 

C'.'.ISE  <:;\[T  a  1) 
so  TO  lO’J 

1000  TYPE  ♦,  '  l-rilTIAMZE  PROdABlUTY  DATA  SASF' 

type  ♦,  '  2-r  iiiAMZi  tsp'Iet  osta  :  hSE' 

TYPE  *,  '  3-1  iITlAl.IZF  Aid  POINT  DATA  EASE' 

TYPE  »,  '  4-FXA-InE  PRCB.  DATA  RASE  VALUE' 

Tire  ♦,  '  b-C.  Dll  (  peob,  data  rase  VALUE' 

READ  (5,  «,  ERR  a  1000,  END  a  900)  ( 

SO  TO  (HOC,  1300,  150C,  170C,  2000)1 
GO  TO  1000 

1100  TYPE  ♦,  '  NAVE  OF  AIEW  PRCOAPILITY  DATA  BASE  FILE?' 

REAh  (5,  200,  ERR  a  llOO,  w  d'  a  1100)  ('A‘ED8FII),  I  a  1,  5) 

OPEN  (UNIT  a  2,  t-A-E  a  ■•.Or.i  ,  TYPE  a  'UNXnOwn',  ERR  a  14600,  ACCESS  a 
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1  'DIRECT*,  PfXr'RCSIZf:  =  t) 

'I»ECV^X  S  VT'i(>*CM&PGS-l)+iTtPGS«('*Al*PTS-l)t*iTARGS 
00  12.1J  1  =  1,  NREC'.AX 
i*pire  (2*1) 

Cii'j  rx'ijt 
CLOSE  (OMIT  =  2) 

GO  TO  1000 

KPE  «,  *  NAPE  Of  ^^■V.  target  OATA  hASE  FILE?' 

READ  (5,  200,  ERP  =  lioO,  END  =  IJOO)  (  A-<ETDF(I),  I  =  1,  5) 

QOEm  (U;<ir  =  4,  NA»F  =  NTDF,  TYPE  r  'O.JFEOw  M  * ,  ERR  =  14700,  ACCESS  = 

1  'OJRFCr*,  RiCCFPSIZE  =  MREC5Z,  FOR'’  =  'FOR  ■fATTED* ,  RECOPDTYPE 

2  a  *FIxeo*) 

00  1400  J  *  1,  VTAPGS 

•  RITE  (4*J,  700)  n,  (NAVEIDf (I) ,  I  =  1,  5),  (Z,  1  =  1,  6),  NZ, 

1  NZ,  Z,  (“!Z,  I  a  1,  «A1  =  PRY),  (NZ,  1  =  1,  RTCOLAT) 

C  r.'Ti  HIE 

CLOSE  (OMIT  =  4) 

GO  TO  1000 

TYPE  «,  *  .\A-E  OF  NF*  AI'  POI  ,T  OifA  HASt  FllE?' 

REAO  (5,  200,  ERft  a  1500,  Ein  a  1500)  (-A<EADF(1),  t  a  1,  5) 

JPS  I  (UNIT  a  7,  Ai“e  a  -pOF,  TYPE  =  err  s  14000,  ACCESS  = 

1  'JtRECT*,  FECOPOSIZF  =  '-ASECSZ,  fCfi*'  a  'FORnATTFO*  ,  RFCOPC'TYPE 

2  =  *FIXTO*) 

OJ  1600  J  a  1,  •iAI'OTS 

•  RITE  (7*J,  0  00)  '1,  (VAMEAnPd),  I  a  1,  5),  (Z,  I  a  I,  4),  (NZ,  I 

1  a  1,  MlnlTGA) 

CO'lTI  lOE 
CIOSE  (JUT  a  7) 

GO  TO  10 00 

TYPE  »,  *  MA'E  OF  fROHA^lLITY  taTA  RASE  FILE?' 

REAi.i  (5,  201,  ERR  a. 110-0,  £' D  =  1100)  (  .A'E06F(n,  I  a  1,  5) 

OPEO  (Uirr  a  2,  NAMf  -  \‘C'r*F,  TYPE  =  'UmK.Orn',  ERR  a  14600,  ACCESS  a 


1  ‘OlRtCr*,  RECOPt'S/ZE  a  1) 

1000  TYPE  ♦,  *  F,  iTER;  '.F  IR-.r.,  '.Al.VPT,  ^TARGET.* 

REAO  (5,  »,  ‘RR  a  HCO,  FND  a  1900)  I,  J,  K 
•mREC  a  IT  <A*(  (-1  )♦  UAPGS»(<)-l)-t-K 
REAO  (2*'iPEE)  P1C0 
.'•irt  (6,  190J)  PJCA 
HOO  F,-iw-Ar  (*  PROA, a  *,  FIO.7) 

CLOSE  (J(ir  a  2) 

G  ;  TO  1  I-)') 

2000  I/FE  *,  '  -JAAE  Of  PRCAA0ILITY  DATA  3ASS  FILE?' 

P'-:ao  (5,  20),  ERR  a  110-),  FMJ  =  lloC)  (<A'EO0F(I),  I  a  1,  5) 

OP£f:  (L.-fir  a  2,  MIVF  s  Wt'F,  TYPE  =  'UNKOOiFN',  ERR  a  14600,  ACCESS  a 
1  'OIRECT',  R-CORrSIZF,  a  1) 

2100  TYPE  «,  *  ELTiR;  MPIREP,  SAiNpT,  ••JTARGET,  PR09.* 

READ  (5,  *,  ERR  a  210.),  F'O  a  2100)  I,  J,  K,  PROB 

^•'ec  =  «r  iA*(i-i)  +  '*rAPc.s»(j-i)*>' 

•  RITE  (2*-!PEC)  PRGb 
CLOSE  (J'.'IT  a  2) 

GO  TO  10)0 

2200  TYPE  *,  *  TINE  I'lFE-lVAL  AT  wHICR  RESULTS  ARE  0ISPLAYED7* 

KEAO  (5,  *,  E-IR  a  2700,  ELO  a  2200)  OELTAT 

I  a  (T«AX-TSrAPv)/&-LrAr 

Ir-  (I  .GT.  iT-U-'TS)  GO  rn  730C 
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ifli  liliiliifcl  ||  ~ti.faii.fw  n.  .-11  r  Iitrf  - -•Ml. 


2300 

2400 

2500 

2500 

2700 

2800 

2900 

3900 

3100 

3200 

3300 

3400 

3500 

3500 

3700 

3800 


TYPE  *,  *  N’JMaEJl  OF  HARO-ASC  OPTION  TITLES?' 

REAO  (5,  ♦,  ERP  =  2300,  END  *  2300)  NIITLSS 
IF  (.jnCbt'S  ,CT.  NTirLES)  SO  TO  2300 
00  2500  [  a  1,  NTITLES 

TYPE  *,  '  TITLE  I,  *?' 

REAO  (5,  2500,  E9«  s  2400,  END  a  2400)  (irilLEd,  J),  J  a  1, 
1  HflTLEL) 

format  (<'TITLEL>A2) 


C0:<T14UE 

TYPE  ♦,  '  NAME  OF  FILE  TO  CONTAIN  RESULTS?' 

READ  (5,  200,  ERR  a  2700,  END  a  2700)  (  :  A -^EOPF  { I ) ,  I 
OPEN  (UVXT  a  3,  NAME  s  -«OPF,  TYPE  a  'UNK  -ONN',  ERR  a 
1  a  133) 

TYPE  *,  '  NAME  OF  PROHAdlLITY  DATA  BASE  FILE?' 

READ  (5,  200,  ERR  a  2900,  END  a  2800)  ( A  •<F,DBF  ( I )  ,  I 
OOEM  (UNIT  a  2,  NAME  =  NOPF,  TYPE  a  'UnK.-.OMN ' ,  ERR  a 
1  'DIRECT',  RECORDSIZE  a  1) 


a  1,  5) 

14900,  RECORDSIZE 


a  1,  5) 

14500,  ACCESS  a 


remind  1 

TYPE  ♦,  '  TARGET  DATA  FILE  NA-E?' 

READ  (5,  200,  ERR  a  3000,  END  a  3000)  ( N  A ‘'ETOF  (  I )  ,  I  a  1,  5) 

OPEN  (UNIT  a  *,  NAME  a  \TOF,  TYPE  r  'UMK.JMN',  ERR  a  14700,  ACCESS  a 

1  'DIRECT',  RECORDSIZE  a  NTRECSZ,  FORM  a  'FORMATTED',  RECORDTYPE 

2  a  'FIXED') 

MTARS  a  0 

IF  (NTAPE  ,EO.  1)  GO  ro  3200 

TYPE  ♦,  '  F.NTSR  target  INFORmAI  ION. ' 

NTARS  a  MTARS+t 
UFIREF  a  0 
JTARGF  a  0 

IF  (NTAPE  .EO,  5)  GO  TO  3600 
IF  (I5TATCF  .EQ.  0)  GO  TC  3400 
IF  (JSTATCS  .LI.  N5TAICS)  GO  TO  11200 

READ  (1,  ♦,  ERR  a  14200,  END  a  144C0)  NU- T AR ( NT ARS ) ,  ST ATUS ( NSTATC5 , 

1  1),  STAIUSCNSTATCS,  2),  I S 1 ATUS ( ’ ST ATCS ,  1) 

GO  TO  35')0 

IF  (JTARS  .LT.  NTARS)  GO  TO  8400 

READ  (1,  ♦,  ERR  a  14200,  ENO  a  144P0)  NO • TAR ( N 1 AfiS ) 

IF  (I'ERJG  .E).  ’<')  TYPE  ♦,  '  TAFGET  AU  “ER;  ',  NUMTAR ( N TARS) 

GO  ro  3700 

TYPE  »,  '  TARGET  '.ijvaiR?' 

read  (5,  »,  ERR  a  3300,  ENO  a  8400)  \  U »  I A  R  (  •<  1  ARS ) 

READ  (4'  UomTARCMARS)  ,  700)  ISMIP,  (1  T  A  Pi  iS  (  N  T  ARS ,  I),  1  a  1,  b), 

1  (  TARChARC  MTARS,  I),  I  al,  6),  s  1 YPE  (  NT  APS )  ,  NROUNDS  (  MAPS )  , 

2  SVENTT-UNTARS)  ,  C%'AIMPRY(N  TARS,  i),  1  =  1,  “AIMPHY), 

3  (  jrCQLAK -ITARS,  I),  I  a  1,  MICOLAT) 

IF  (ISKIP  .;0.  -1)  GO  TO  4100 


CON  ri  I'js 


IF  ('-TAPE 
TYPE  *,  ' 
TYPE  ♦,  ' 
TiPE  ♦,  ' 
TYPE  ♦,  ' 
TYPE  *,  ' 
TYPE  ♦.  ' 
READ  (5, 


.EO.  1  .A'lO.  IDEBUG  ,KJ.  'R')  GO  TO  7500 
l-OESCRIPH'.'N,  2-rARGEr  HEIGHY,  nIDTH' 

3- RANOO.H  target  area  LD-iER  CO'^'ROI N A TE' 

4- RA<0OM  TARGET  AREA  MSIGmT,  .IOTR' 

5- TARGET  AREA  LO<.ER  COORDINATE' 

6- WEAPOfl  TYPE,  7-Av-ONITION,  R-RESPONSE  TIME 
9-AIM  POtlTS,  lO-COLLATEHAL  DA  AGE  TARGETS' 

♦  ,  ERR  a  3300,  Evq  a  7500)  .1 
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GO  ro  (3^00,  4300.  J600,  Stoo,  5300,  59'iO,  6200,  6500,  7000,  7300),  I 
GO  TO  3ftO'J 

3900  '1‘iITE  (6,  4000)  (  tT  4Sf'ES  (  >1 1 49  S ,  t),  1=1,5) 

4000  FORMAT  ('  TARGET  OESCRl ? T I 0\ :  ',  5A2) 

4100  VlfPE  ♦,  •  TARGET  OESCR I ?T 1 3\ ? ' 

READ  (5,  20),  ERR  =  4100,  END  =  4200)  ( 1  •  iROESC 'JTARS,  I),  I  =  1,  5) 
4200  IF  (I3KIP  .to.  -1)  GO  10  4400 
GO  TO  3300 

4300  T/PE  »,  '  TARGET  HEIGRl,  /HOTHJ  ',  T  ARCt  4R  ( 'i  T  ARS ,  1), 

1  TARCHARC  iTARS,  2) 

4400  TlfPE  ♦,  *  TARGET  HEIGHT,  «10T;17' 

READ  C5,  *,  £93  =  4400,  EMO  =  4500)  TARCn 49 ( STARS ,  1),  TARCHAR ( MARS , 
1  2) 

JTARG?  =  I 

4500  IF  (ISKtP  .EO.  -1)  GO  TO  4700 
GO  TO  33)0 

4600  TYPE  ♦,  '  RAHOOH  TARGET  AREA,  LO«£R;  X  C; )R.,  T  COCR.:  ', 

1  TARCHA UN  TARS,  3),  T ARCHAH ( N T ARS ,  4) 

GO  TO  430J 

4700  TAPE  ♦,  '  RA'.JOH  JR  flXEr  TARGET  AREA?  f-^IXSO,  K-PA..DC-!' 

9FA0  (5,  4<ii0,  FHR  =  4700,  EnO  =  4700)  IC^R 
4300  fORiAT  (Al) 

IF  (ICHAR  .mE.  *f'  .AND.  ITHAR  .sE.  ">')  GO  TO  4700 
If  CICfiAR  .r.j,  'f')  GO  1C  5400 

4900  TYPE  ♦,  '  RAmOOi  TARGET  AREA,  LOaER:  X  C009.,  Y  COOR.?' 

RE40  C5,  4,  E33  =  470),  i'iO  =  5000)  TARCn  AH  ( STARS ,  3),  TARCHAR  ( MARS , 
1  4) 

JTARGf  s  1 

5000  IF  (ISKIP  .-0,  -1)  GO  T)  5200 
GO  TO  3300 

5100  TYPE  *,  *  RANOO'-'  TARGET  AREA  nEIGHT,  -<IOTH:  ' ,  TARCHAR  C 'MARS ,  5), 

I  TARC.HARCm'ARS,  6) 

5200  rVpA-  «,  '  RA'.OO*  TAAGEl  AREA  HEIGHT,  •lOiH?' 

READ  15,  *,  ERR  s  5200,  EO  =  5bw0)  T  A.HCn  AR  (N  T  ARS ,  5),  TARCHAR  ( NTARS , 
I  6) 

JTARGF  s  I 
GO  TO  5o)0 

5300  TYPE  ♦,  '  TARGET  AREA,  t,0*SR:  X  COQR.,  Y  COOR.  ',  T4RCH A R ( NT ARS , 

1  3),  TARCHARCVTARS,  4) 

5400  TYPE  *,  '  TARGET  AREA,  1,0<.£R:  X  CJCR.,  Y  COOR.?' 

•HEA)  (5,  »,  EkR  =  5400,  E..0  =  5500)  T  ARCH  AR  (  NTA  RS ,  3),  T  ARCHAR  ( M  ARS , 
I  4) 

JTARGf  =  I 

5500  TxHCHARClTARS,  5)  =  0.0 
TaHCHaRC MARS,  6)  »  0.0 
5600  IF  (I.SdIP  .  IE.  -1)  GO  10  3300 
5700  TYPE  »,  '  CAN  target  fl3t?  Y-YtS,  N-.NO' 

READ  (5,  43)0,  ERR  =  57)0,  FNO  s  5700)  ICHAR 

IF  (ICHAR  ...£.  'I'  .AVO.  ICHAR  »n')  GO  TO  5700 

IF  (ICHAR  .EQ.  'Y')  GO  TO  5800 

•J<.TYPE(NTAR3)  =  0 

£VENTrrt(.rfAR5)  =  4999.0 

GO  ro  7400 

5900  IF  (ISKIP  .EO.  -1)  GO  TO  6000 

5900  TYPE  *,  '  xEAPON  TY^S:  N* lYPEI-TARS ) 
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bOOO 


6l')0 

6200 

6300 

6400 

6500 

6500 

6700 

6300 

6900 

7000 

7100 

7200 

7300 

7400 

7500 

7600 

7700 

7800 


7900 

9000 

8100 


TYPr-  *,  '  /.‘APO.f  TV3-?' 

KCAO  (5,  «.  E-IR  =  6000,  s  6100)  WW Tlf PE ( KT ARS ) 

Ji-'IP»r  =  1 

IF  CiYTYP'.t  iTARS)  .L£.  0)  FVEN’TT'*  ( UT  ARS )  =  9999.0 
IF  (f.8TY?i(  ITARS)  .‘tlT.  .'■«TYi»tS)  GO  TO  6000 
(liM?  .ci.  -1)  GO  10  6300 
GO  TO  3H0O 

rYP£  *,  '  Or  ROUNDS  AVAILASLE;  yROU MOS ( RT ARS ) 

TYPE  ♦,  '  nJ,13E9  Of  ‘VAIfjAeLE?' 

READ  C5,  *,  tRR  S  6300,  E\D  s  6400)  NRO'J \.0S ( STARS) 

If  (I3KIP  .£0.  -1)  GO  10  6600 
GO  TC  3900 

If  (ISTATCF  .5).  1)  GO  TO  6700 

TYPE  »,  '  RfSPOSSE  Tiv?;  ',  EVeMTTn  ( .'iTARS ) 

If  (XSIATCF  .EG.  0)  GO  TO  68C0 
EVE‘TTt.'(,lTARS)  =  0.0 
GO  10  6'.>.10 

TYOf;  »,  '  RiSROSSE  TI''f?' 

RfAT  (5,  »,  EAR  s  ooOO.  i;0  =  6900)  E V- <1 TR ( STA RS ) 

If  (ISM?  .fO.  -1)  GO  10  7100 
GC  TO  3970 

TAPE  »,  '  ki:‘  POIMStOROERf.C  AY  PRIORITY):  ',  ( 9  A I  RPR  Y  C  NT  ARS ,  1), 

I  1  =  1,  <AIY?i<A) 

fY^f  »,  '  Al“  P 31  'TSCOPOEREO  AY  PRIORITY)?' 

REAO  (5,  *,  ERR  =  7100,  ENO  s  7200)  ( N A I « PR Y ( MTA RS ,  1),  I  a  1, 

1  .lAI'RRY) 

(IGKIP  .CO.  .13  GO  TO  7400 
CO  TO  3 a  70 

TYPr  «,  '  TARGETS  OA'AGEO  9Y  HITTlriG  THIS  TARGET:  ', 

1  C  ITCOLMC-iTARS,  t),  I  s  I,  RTCOLAT) 

TYPE  «,  '  lAAGirS  CA-AC-EC  RY  HITTING  THIS  TARGET?' 

RfAO  (5,  «,  ERR  =  7400,  ii-.C  s  7200)  ( MCCL  AT  ( OTARS ,  I),  I  »  1, 

1  'iTCOLAD 

ir  ( ISKIP  .  .E.  -1 )  GO  TO  3900 

.RtlE  (4'.-i.l«riR(.’»  PARS)  ,  703)  •V'TAR(NTA-S)  ,  (  11  AP  OES  (  N  T  ARS ,  I),  I 

1  =  1,  5),  (TARCHAR(.v1awS,  1),  I  =  1,  6),  .. -'lYPECMARS)  , 

2  TOO  IT.3S(r.TAr.3),  E  VE'.'l  T'- (  STARS  )  ,  (  T  A  I  Y  PR  Y  ( ’.'T  A  P  5  ,  I),  1  =  1, 

3  MI-PRY),  c '.TCCLATC-TARS,  I).  1  =  1,  •'TCOOAT) 

If  (IGT^TCf  ,F3.  0)  GO  rC  7POO 

!-•  (  .fAP£  .CO.  1)  GO  TO  770vT 

Vi'pf  *,  '  STATUS  CnA'.GE  TT>'f,  IMTIAL  DELAY,  OLP  TARGET  NuaPER?' 
RV:Ai)  C5,  *,  fPP  =  7600,  EVO  =  760U)  SI  A  TuS  (  ..STA  TCS ,  1), 

1  STATiJSC'STATCS,  2),  ISTA  mSCNSTA  ICS,  1) 

ISTAI  ISC  .TIAICS,  2)  =  NL-TAPI  ,fARS) 

•JSTAICS  =  NSTATCSsl 

If  (ISKIR  .10.  -1  .OR.  IDE?i)G  ,F.a.  'H')  GO  TO  3200 
•.'f  =  lU-rARCMARS) 

If  (JTARGf  .£).  0)  GO  TO  “100 
UO  9000  1=1,  yTABGS 

DO  79)0  J  =  1,  VATAPTS 

«IR£C  =  AT‘A*(I-l)*sTARGS*(J-l)4'-f 
MlfE  (2'’.KirC)  FLAG 
CONTINUE 
C3NTI 4Ue 

If  (JflRff  .FT.  0  .CP.  Tr.foiJG  .EG.  'R')  GO  TO  3200 
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■>3  lO  I  =  \  ,  '•»  !  'PIS 
[.1  J  =  I. 

'.p-:c  =  '  I  -'»(  p-n*' (-1  )+j 

-PIT?  fl  '.3 

32.)C  CTiTT-'u'; 

c  -  iTi  'J': 

■'0  320n 

3400  [.-•  (rr.TftTCF  .PO.  n  3  0  112'’0 

.Mr'S  =  aAPS-l 
• Jl  s  s  0 

Jf  f  r,-.?'-  .Pvj.  5)  G'>  TO  ^500 

PMO  (1,  4  =  P0,  PP'«  =  1420'’,  £.0  S  14400)  ISCHAR 
GO  ro  ' 

Rsro  rvpp  «,  *  AI'’  P''I1  PhTS  rJlF  •A-**-:?' 

■’•40  (S.  2'.0.  ‘>3  =  4<.0O,  £00  =  3500)  ( ■:  A  ■•£  ADF  ( I )  ,  I  =  t.  5) 

oar  1  C'j-rr  =  7,  M-’£  =  lAOF,  TYPi;  =  'U'-*' O*': ' ,  -  11*00,  ACCFSS  = 

1  'OI'^FCT',  BPC'.’R''SIZ£  =  •  ARFC.5Z,  F''jR"  =  'FORSATTEO',  PPCCROTYPF 

,!  a  'FTXPO') 

UPP  *,  '  £  lER  AT«*  POI'-T  r.fnP‘'ATluN,' 

’sOO  'At  S  a  •|4t'',S»l 
J4l  ■«■  a  0 

?70C  I®"  (-TAPE  .£2.  5)  '}n  fO  faOO 

7f  (jAr'3  .LT.  -Ar'?)  f,c  ro  iiooo 

“'■■AO  (I,  *,  £AR  a  142O0,  £00  a  14400)  ’  A  I ’P  (  4  A  I WS ) 

IF  (IPt^'UO  ,£2.  '••')  1)0*  ♦.  '  At-.  “'71. 1’  •''•PEP  ••;i;“AJ'‘P(«jAI‘AS) 

rn  ’•’O') 

JAOO  Tt  =  r  «,  '  AI'  PGt  .'I  ■  ■..-Fw7* 

»£A0  (5,  *,  F9R  a  to?'',  r  .o  a  ltO'70)  'Jj  '  A  I ''.P  (  V  A 1  ys 

p->00  F'.A'.  (  7  ' ’A^••?C^A  t  '.S)  ,  S>0)  TSKI®,  (  I A  I  PDFS  C A I  ■«  S  ,  I),  1  =  1, 

1  5),  CAI'C  4P(  .A  f- 5,  I),  t  a  I,  4),  f.<;TsnGA(.'»AI"S,  I),  1  =  1, 

2  •’  T  A  [  T  7  A  ) 

ir  (I  SKI  3  .FO.  -1)  '■■C  T.O  <1300 
9000  f'.,Tl  iHi; 

1“  c.rAP-  .-:o.  1  .A  C.  loEpi'i  .o.  -r')  ~tO  to  »ooo 

TYPE  *,  '  I-OI.  5CF  I  r  T  r).\' 

ryar  *,  '  ?  -  R  A  ■,  L  0  '  At-  r.oI'-T  A  3  r  A  C  OCR  0 1 't  A 1  E  ' 

li'P-'  *,  '  3-4'.'  '.'C"  .'I--  3'.  [>T  A^£A  ..Tl'i'V,  'l4<fH' 

»,  «  l-r.'M  !' t  .'?}■■■  .S  Or  Fr'i.O  A[-  f’Tr.T' 

»,  '  5-T-.R',i.rs  •''•IC.T  'Ay  J.  ttr  -y  A’RI.'G  AT  IRIS  AT.'  POINT' 

C5,  »,  IN*  a  '  O  a  107  jO)  I 

r,  .  I",  (-'K'l,  OKi.c',  O“00,  lOtCO,  I'^'A.O),  I 

/;  -»  T  *  O  '  I  v’  ; 

9100  '-ITE  (P,  9200)  f  I A I ’■nES  ( >,  A  H;S ,  I),  I  a  1,  5) 

Q2'i')  £.3  AT  ('  'M"  PCI  T  '"'S';- tptI',  ;  ',  5A2) 

■33.0''  »,  '  ►-'•'I  t  crs"4ipri-i-.?' 

3-,r;  (5,  20u,  F.RP  =  930'7,  F.  D  a  94'jO)  I  1 A I '  CES  ( '-A  I  .sS ,  I),  I  =  1,  5) 

7A'.'  I-  ri'iKiP  .••.0,  -n  r.'j  t)  ra'.o 

'1.  ri;  “OA'J 

95’C  iPF  a,  '  RA’rO''  AI-  t-OI-r  Ar.£A  LiO-E.R  COCR,  ',  A 1  ."CH AR ( N AIMS ,  1), 

1  AI'rCRARC  AI  'S,  2) 

1 •  rO  97)0 

9o00  'i’?T  ♦,  '  RA.'O'-  '.P  FIXEL  AI<  P0I<t7  F-FIXED,  R-RANDO"' 

R-A7  (5,  7“'",  ’R”'  a  9AO0,  r  ;.-'  s  '7 5 •NO)  TCtAR 

I'  CI'O’A*  .  t.  .A  V.  IC-A3  'P')  GO  TO  9500 

I-  cic-'-i’  .T.",,  'F')  G"'  !G  r,2:-o 

o)'.,’  riP--  «,  '  A'---’'  !•  A-i-A,  ..j'E.p;  x  CjCjr.,  y  COOR?' 
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RrTAO  »,  t:OR  =  R700,  END  =  9“00)  A I MCH  AR  (  »  A I  MS  ,  U,  AI  MCrf  AR  (  N  A I  ms  , 

1  7) 

JAImF  =  1 

990?  IF  flSAI?  .f'J.  -1)  GO  TO  10000 
GO  TO  90 00 

9900  TYWf  »,  '  RAir'O^  AI'i  P0I.9T  ARFA  HFIGHT,  9I0T9S  A I  “CHAR  ( M  A I  MS , 

1  ?),  AI'‘CinK(MAI'-S,  4) 

10000  TYPF  *,  *  RA'iC'Om  Alv.  Pdlor  AHtA  HElGiT,  nlOTH?' 

READ  (5,  *,  EAR  a  loOOO,  F^0  a  10300)  AI -iCrt  AR  { 9  A I -'S ,  3), 

1  4IMCrtAR(NAI'‘S,  4) 

JAIMF  a  1 
GO  TO  10300 

10100  rvPF  »,  '  cooAoi.iATFs  OF  AiMPOt^r;  t  aimcharcmaims,  l), 

1  A1 -.CHARCOAI  <S.  ?1 

10200  TYPE  *.  *  CTIRDIvAIFS  OF  AI^  PiJf.JT  X,  YY' 

R^A'i  (5,  »,  ERR  a  10200,  EHD  a  10300)  A I  ICH  A  S  (  AI  “S ,  1), 

1  Af-CHftfiCm  'S,  2) 

JAfF  a  1 

10300  T-  (I'KTo  .FJ.  -1)  GO  TO  tOiOO 
jn  TO  9000 

10400  TYPE  •,  '  TARGETS  aRICH  “AY  SE  HIT  AY  FIRIYG  AT  THIS  AIM  '// 

1  'POINTS  CMMII'GAi  .AI --S,  n,  I  a  1,  ‘THIIGA) 

10500  TY°E  ».  '  TARGETS  .'.RICH  •m  ..E  HIT  my  FIRTjjG  AT  IHIS  AIM  POINT?' 

peat  (5,  »,  ERR  a  1050),  ESO  =  1»600)  {  !  T H I TG A ( O A I MS ,  I),  1  =  1, 

1  HI'.RirGA) 

10600  IF  (ISMR  .  iE.  -1)  GO  TO  9000 

107O0  -Mirf  (7'mJ.iAIm?C''AI''5)  ,  “00)  R'l  RA  t  HO(  H  4  I  v-S  )  ,  (  I A  I  ROES  (  A'A  I'RS  ,  I), 

1  1  =  1,  5),  I  AI  ICHARI-.f  I*.3,  I),  1  =  1,  4),  C’ITMITGAInAIMS,  I), 

7  1  =  1,  ’-'THirGA) 

IF  (ISMIR  .F.O.  -1  .OR.  ID£  =  0(;  .fl.  '4')  JO  TO  R6oO 
;.4  )  a  .’JRA)  vPCiAIvS) 
ir  (JM-F  .£).  0)  GO  TO  HhOO 
00  10)0)  t  =  1,  MARGS 

o  i  10(900  J  a  1,  ''I'.'voGS 

'(RFC  a  Fj  .)v*(£_t)  +  ,TA»Go*CiAR-nR-J 
nRIIT  f2'  F-G)  F',»G 

I'lSnc,  CO  .Of,:,, 

10900  C'l.dl'.J-: 

G  )  TO  rlnjO 

ItC'OO  .Al-S  =  '.AI«S-1 

)F  (  .TARF  .-0.  1)  r.r<  TO  lir'n 

npF  •,  '  F'lTrR  STiTOS  CHAI.GE  I  iF  OH  '  A  Tl  1.. .  ' 

11  1  0  T'  !-  ■  T^ri  5  =  J  I  A  R  S 

ISTAICF  a  1 
.31-4  res  a  I 
Go  TcO  32)0 

11200  rlTARS  a  !TARS-1 

C  10*  MTilo»lrn  section  insuros  toat  orooaDl 1 1 t ies  ot  hit  are  calculated 

C  tor  all  coToliatlons  of  tirers,  ali^  dolnts  and  targets  Dossloie. 

C  T-.ese  orooablilties  of  nit  are  stored  noth  in  the  data  base  and  In  the 

C  piARMir  array, 

on  12100  inxFIR  a  I,  NT«RS 

IF  CUTYPECIOXF'S)  .SO.  0)  GO  TO  12100 
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ii3or 

11400 

11500 

Ua''0 

11700 

11  iOO 
1 1000 
12000 
12100 

12200 

12300 

W 

W 

12  400 

12500 

12600 


■ 


'■F  =  -loxTA.U  lOy.r  Jrt) 

03  12000  luXBl'l  =  I,  vArMOrtlf 

5'A<  =  '.Al  'FaVCIOXrI<;,  lOXAH) 

IF  CNA'A  .‘M.  O)  Gn  TO  12100 
'jA‘*SA;F  =  OVH 

00  ll'^OO  TOXTAH  =  1,  ^rolTOA 

.•lA''  =  JA^SA^K 

;JT  =  i 'll '■■lAC  ■•A'*,  lOXTAfI) 

IF  (Nt  .KO.  OA  GO  ro  12000 

NREC  =  "r'*A*(r;F-l  )  +  »rAiIUS*('iA't-l)+HT 

fiFAD  (2';.RF0i  ?l'H 

FOR  1  AT  tf 10. 7  I 

If  (Pro  -1.01  GJ  T3  11900 

OU  llAOO  J  a  1,  'OI.iS 

IF  (’i'j«Af.iP(j)  .£2.  •1A4)  GO  TO  11500 

CrivT I  MtF 

nsp:  *,  *Ar<  poi«t  xax,  '  co'Jlo  int  be  fou;«o,' 

GO  TU  1  1900 
ryP.'  *  a  J 

o-i  11  POO  1  =  1,  or  APS 

IF  OUMfAK(I)  .?J.  if)  GO  ro  11700 
C  30TI  .oP 

rvPE  *•  '  XA9;,-:r;  nt,  '  COJLO  not  be  located.' 

•Z  !  ;0  13900 

«T  a  r 

CALL  CFTP-'H 

•  AirE  (2'  .RFC)  PfH 

PTANrlTri.^XFlO,  lOXAI'',  tOXTAS)  a  PTH 
CONTf.OE 
C'l  ITI  -.up: 

COATI  -iOE 
jr  a  1 

*HlrE  (3,  12200) 

r'.'A  'AT  ('1') 

».aiTP:  1 3,  12i0U) 

P  OS>  Ar  C'  lARGET  liAfAt') 


•  rite  t?’'oet  ml  ali  point  -lat*  to  outoot  file. 


) 

2 

J 

1 

2 


t 

2 

3 


12700  I  a  1,  .TAPS 
IF  (I  .Gl.  MAR.'iJ  GO  TO  12500 

-pJTF  C3,  r/Ai.iO)  ■lO'T-.Bl  n  ,  (111901:5(1,  J),  J  a  t,  5),  (TARCHAHd, 
J),  0  a  I,  6),  .-TYPEd),  .-iROOHOS  ( I)  ,  EVENTTMd), 
f.,Al -PH/d,  J),  .1  a  I,  lAl.tPR*),  CiTCOLATCI,  J),  J  =  1, 
•IlCOLAD 


(IK, 

13,  IX, 
F7.7/, 

5A2, 

IX, 

6(F7.3,  IX), 

12,  IX,  14.  IX. 

1  A  # 

31,  d. 

lOX, 

IX, 

<-lMvi?TY>d3, 

IX),  <HTCOLAT>llX,  13)) 

GO  TO  12700 
jr  a  I-XTARS 

•  RITE  (3,  doOOi  -.OxTAPdl,  (ITABOFSCI,  ,J )  ,  J  a  I,  5),  (TARCHARd, 
J),  J  -  I,  6),  ’/•TYP.-d),  IROUiJUSd),  EVENTTHd), 
ISTATJGCJf,  11,  STATJS(JT,  11,  STATUSCJT,  2),  (NAIMPRYd, 
Jl,  J  a  1,  MAIMFRY),  CirC'OLATd,  .7),  J  a  1,  HTCOLAT) 

FORMAT  dX,  13,  iX,  5A2,  IX,  51F7.3,  IX),  12,  IX,  14,  IX, 
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1  F7,?,  30X.  1i,  2(tX,  F7.3)/, 

2  U,  3X,  IX,  lOX,  tX,  <.»AI-<PI»X>(I3,  VX),  X^TCOLATPCIX,  13)) 
12700  CCj’JTIrJUe 

(3,  122O0) 

*>'ire  (3,  t28i)0) 

12800  FOw-iAr  C'  Hi.y  PU'T  DATA;') 

00  13700  r  =  t,  NAZIS 

ASH':  C3.  12900)  MtxAtyPd),  (lAIMDFSCI,  J).  J  =  1,  5), 

1  (AIVCHA-'ft,  J).  J  s  1,  4),  (XTHlTGAd,  J),  J  a  1,  MTHITGA) 

12900  FORMAT  dX,  13,  IX,  5A2,  4dX,  F7.3),  <9THITGA>dX,  13)) 

13000  CONTIOje 

■,  =  ITE  (3,  12200) 

jr  =  jr*-! 

XTARS  a  KfARS 
'jSTATCS  a  ISTATCS-l 
00  1  3200  I  a  1,  yrzootiPS 

DO  131uO  J  a  1,  MfAyGS 
IrGftO;jP(J,  Z)  a  0..) 

moo  c.ijtznue 

13200  COJTt  .IE 

..IGujJp  a  1 

13300  xr  (‘.TAPE  5)  GO  13400 

C  Rea-i  lotlPOAi  taraec  <;rouotnos  for  coo'iltlonal  orooablllty  calculation 

C  after  slTuinrlon  Is  comolete, 

9"A0  (1,  ♦,  £PR  a  11270,  END  a  13900)  rTING 
GO  ro  1)310 

1  3400  TiPE  «,  '  ..J1WER  OF  lARGETS  IN  'IROOP?' 

PE  A)  (5,  ♦,  5-19  a  13470,  FMO  s  13800)  <TIJG 
d'lOO  dPE  *,  '  iARGETS  FOR  ..41C:1  CJ''0 1  II'TIAL  PROP  API  1,1 77  SHOULD  BE  '// 

1  'tiI.SPi.AYSO?' 

S.-:ao  (5,  ♦,  FAR  =  1  )500,  '••VO  a  13500)  diGROUPd,  NTGROUP),  1  =  1, 

1  Nri-iG) 

r,7  rc)  13770 

1  3500  Of  AD  Cl,  ♦,  FOR  a  14270,  FNO  a  14400)  CITGROUPCI,  MTGROUP),  I  a 
i  1,  ''TT.NG) 

13700  .ir.GROMp  a  NCGROMPtl 

IF  ('.rGROUP  .LE.  •‘GROUPS)  GO  TO  13300 
13970  nTGRiJUP  a  'i'l'G"  O')  p  - 1 
•4  E  1-  j  R  ■■ 

1  3970  J-:pA7,y  =  I 
•<:.I.|R  , 

14000  w-lis  (5,  141'J0)  (lAVflCFd),  I  »  1,  5) 

moo  FOr-aP  ('  CRROR  .'JPE-I-G  FILE;  ',  5A2) 

GO  T.O  13900 

14270  WnITE  (6,  t'137'))  (  ■->  'EIDFCI),  I  a  I,  5) 

1  4300  r'.)R-AT  ('  ERROR  REA-OdG  FILE;  ',  5A2) 

G7  Ii7  1  3900 

14100  iRITE  (5,  dSOO)  (JAiSlDFd),  I  a  1,  5) 

14500  .F'lR-Ar  ('  ERR'NR  -  EOF  E’;Cnu>TFRED  ON;  '.,  5A2) 

GO  n  13900 

14600  R-<(TE  (S,  141J3)  (NA'ISOBFCt),  I  a  I,  5) 

77  ro  13900 

‘■"  irE  (5,  1417^1)  (,.A  e  fUr  ( I) ,  I  a  1,  5) 
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GO  ro  13900 

i»9no  (ft,  141  jO)  c  ■;  i->f;AOF(  n  ,  i  =  t,  5) 

GO  ro  13900 

1  1900  --p-drS  (ft,  14100)  (•■  I  =  1,  5) 

GO  ro  139J0 

K  ii) 


U6 


SJ-<9TITt'i£  SfATC.-ii 

P'jRO'jSC  -  Saoroutln*  STAfCHd  Is  iiseJ  to  scnedule  a  tarqet  status 

cOange  or  orooo  of  target  status  ciaoies.  A  taraet  status 
change  Is  a  nouif Icatlon  to  toe  current  qualities  that 
define  the  taraet  to  t.oe  ’'odel.  Any  of  tne  Items  ehlch  are 
associated  *'lch  a  tarqet  In  toe  taroet  data  base  mav  be 
mod  If  led.  tx ambles  of  modifications  Include: 

1)  change  In  target  size  or  snaoe, 

2)  Increase  or  decrease  In  tne  amount  of  ammunition 
available, 

3)  selection  of  ne«  oearon  type, 

41  Change  In  attac<  or  defense  force  strategy, 

5)  enanoe  In  almtlnq  time  or  *63000  firing  rate,  and 

6)  collateral  damage  effects. 

Status  cnanoes  *lil  be  perfor<ied  ny  tnls  routine  until  the 
time  In  .nlcn  tne  next  status  cnanoe  to  occurCSTMIN)  would 
exceed  tie  tin*  of  tne  next  firing  event. 

I'.CLUOt:  'r.lNC' 
r  .-'WON  /'jh/  nUMTAA'C  •  l  ASOS) 

/•o22/  JS’RhR 
/I,21/  r''AX 
c;-  '0'j  /1, 25/  mtass 
/i,29/  if 

Cu''0''l  /L35/  TdIN 

/ti36/  ISTATJ.SC'STArC,  2) 
c-.n-O-  /u37/  STAr.iSClSTATC,  2) 

/1,3d/  N^tArCS 
COV.O':  /i.}9/  lOXFTR 
/i,42/  (STATC 
r.1**rj;  /t4,3/  ST-*!  , 

3“arcn  Che  status  cnanoe  array  to  determine  tne  Index  of  the  last 
target  having  mihlmjT  status  change  time.  The  Index  of  the  next  tar¬ 
get  tu  Jh  ieruo  a  status  Change  Is  stored  In  ISTATC  and  the  time  at 
wnlcn  tne  status  cnanqe  occurs  Is  stored  In  stmiu  at  comoietlon  of  the 
fgllovlho  loon. 

inc  0-1  30.)  1  =  1,  dsrAr"s 

ir  (STATUCCI,  D-SI-'I'l)  2nO,  300,  300 
200  STdlV  =  SrATUjd,  1) 

.■.sTArc  =  I 

300  COhTI'IUf: 

if  tne  time  at  «nlcn  tne  next  firing  event  Is  less  tnan  tne  next 
status  cnanoe  tl'e  return  to  orocess  firing  events. 

IF  (T'l-I  .t,F.  sr-l'.)  RtTlIRN 

aF  It  the  numoer  of  the  taroet  wnlch  is  to  ne  changed.  This  will  be 
considered  tne  old  target  number,  dnsn  the  status  change  Is  made,  the 
old  target  nu-oer  In  '■r  is  rnsnied  Inalcatlng  that  tne  status  change 
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AS  ConnlAted 


i'l 


400 


500 


600 


7m0 


OP  s  ISr4TUS(rJST»TC,  1) 

iiocste  toe  Index  ot  toe  old  taroet  nu-ooer  In  the  ii'UMTAii  array.  If 
tnls  tar-jet  can  not  ne  found,  an  error  occured  In  the  Initial  Input 
data  and  an  error  nessaue  Is  orlnted, 

00  400  lOXfIR  =  I,  ';TAR3 

IF  (yF  .EO.  i.lJ''rA;'(IOXPIR))  GO  TO  600 
COMTIIOE 

■o^irE  (o,  5u0)  'iF 

P'JR'AI  C*  STATUS  ChA^.Gc  FOR  1  ARGET  13, 

STOP 


IS  dOr  POSSIBLE.*) 


Suoroutlne  TAREXEC  Is  called  to  modify  desired  paraneters  associated 
iiltri  the  old  target  nuiider,  and  assign  the  nee  status  change  target 
nuTiner  Indicating  tne  taroet  status  cnange  has  oeen  sucessfully 
coToleted. 

CALL  TARE*£C 

fne  tl"*  of  the  next  status  change  Is  set  greater  than  the  total  sim¬ 
ulation  time  forcing  a  nee  minimum  status  change  time  to  oe  selected 
oefore  SfArCH';  returns, 

3 'MIN  s  T' AX +  1,0 

It  an  error  has  occured  oreviously  In  TArexeC,  oranch  to  determine  the 
time  and  tareet  noruer  for  the  next  status  change, 

1-'  (JERem^  0)  gQ  j-  ,  ,  50 

R^rURU 
S  ■'  J 


S'JBROJTI'IE  THPF:<EC 


P'iRPCse  -  Siiproutln*  TAi?EXCC  Is  eallei  to  modify  desired  parameters 
associated  aitn  tne  old  target  nu^ioer,  and  assign  the  new 
status  cnanoe  nomner  Indicating  tne  target  status  change 
has  h*en  success fi i ly  comoleted. 

I'iCt.UOE 

C0.*'<0'l  /t,5/  E^e-.lTTHC'fTARGS) 

/L6/  MHTASC-ITAHGS) 

/fjl/  ITAAOSSIV  I'AftGS,  5) 

CO^.•*l^d  /ijS/  TARCriAS('iTA-<GS,  6) 

CJ-^Oi  /LjR/  '.'TYPEC  .TAKGSJ 
C-'-'rO'l  /GIO/  '  R'JU  •OdC-TASGS) 

COsvON  /111/  '.AtvpPYCvTARGS,  -At-PRY) 

C  i-'dO  Y  /G12/  ..iTCOEAT(  MAkGS.  dlCOLAT) 

CO-'-OV  /:.13/  ..U’-'A  r  ••A  1  <315) 

C'T-.-Ci  /L16/  '.TSirGAC-'Af'-PTS,  'TdlTGA) 

C'JV'O')  /LI?/  FrAR-<IT(--rASGS,  Ut'PRY,  .'*TnITGA) 

C'J  *  '□•I  /L/2/  JERROR 

Ca  ■■  <  /L25/  •  TAnS 

CL"'VC.,;  /L2B/  .Alxs 

C3-'.C'i  /L29/  •  P 

C'/-'.  <0  1  /LjO/  -AJ 

CC'-'Ov  /L31/  vr 

C'M'-)-;  /L3?/  PTri 

C3»"0'.  /1, 36/  ISTAIUSC -SrATC,  ?) 

/t,37/  SfAT  .•SCiSTAlC,  2) 

G  j-.-G  (  /L39/  lOXETR 
cn»l'.'ai  /L40/  '■'T''A 

/L't/  lO/.At'' 

CG'-iO'.  /L‘.2/  'S'iATC 
COV  '0  I  /L43/  ST  ‘T'l 
C.l'-Ox  /L-*5/  inXTAR 

C-l't-ACTrR  *2  JA-'£i.PE,  NAmCIDF,  iA'-EOaP,  KAWETOF,  mAveaOF,  IAImDES, 

1  tTAWDES 

j.-taln  the  old  target  oumoer  oolhtlna  to  the  target  Information  whlcn 
Aas  prevlouslv  us»o  In  reference  to  this  target, 

VROLO  =  I5T.',TJSC.?I-1C,  1) 

Ootaln  tne  ne*  nu’O'r  •''’Ich  will  he  used  to  access  the  target  Infor- 
Ticloh  after  tne  status  change  nas  occured.  This  numoer  Is  used  by 
TAhfxec  to  locate  tne  data  In  tne  target  data  case  wnlch  replaces  data 
obtained  oy  referencing  tne  old  target  number. 

■;FGr;v  s  isrATC'SC’-srjrc,  2) 

Set  aF  to  tne  new  target  number, 

MF  S  KFNEif 

Read  Information  associated  with  new  target  numoer. 
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PJAO  ion)  (TAOCSAUC  tOKftfi.  1),  1*1,  6),  W«T  IfPE  ( lOXF  IR ) , 

1  •irOU'.nsc  i^xFis) ,  =:v--:rTr,  (  mi>4Pry ( IDXFIR ,  i),  I  ■  i, 

2  ''Al'PRY),  (  MTroi.A  rc  lOXFlR,  I),  I  a  1,  RTCnUT) 

lOO  fCR-AT  (3X,  lux,  6F7.3,  f?,  14,  r7.2,  <•■  A IMPRY>I3 ,  <MTCOLAT>13) 

A  neanon  type  of  xero  tnotc«t*s  toll  meaoon  csooot  flreCle  -  this 

is  a  -'aterlsL  type  target  such  as  a  trucic,  etc.  and  not  a  personnel 
target).  If  this  Is  a  «aterlal  type  target,  oranch. 

IF  (NWTYPEC  lOXFIH)  .E  ).  0)  10  TO  HOO 

It  the  time  before  the  next  oiayer  fires  Is  greater  than  zero,  schedule 
this  flrer  into  tne  jueue  of  olayers  waiting  to  fire  oy'enterlng  me 
oresent  time  at  xnich  the  status  change  Is  occirlng(srMIN)  plus  the 
tile  before  tne  olaver  fires  hls  first  snot(SrATUS(ysrATC,2). 

I''  fSrATJSCiSTArC,  2)  .GT.  n.O)  ey£NTT“(  IPXFIR)  s  STMI»4STATUS(«iSTATC, 

1  2) 

Tn*  follo.lno  section  Insures  tnat  all  orobabllltles  associated  xlth 
this  he<  flrer  tlrim  at  tne  targets  «hlch  ne  can  hit  are  correct, 

IJXAI'i  Is  jsei  as  an  In-iex  to  soeclfv  a  oartlcular  aim  point  xhlch  the 
flr“r  can  fire  at.  10XAI‘‘  Is  set  to  1  Initially  to  specify  tne  first 
a  It  onlh t , 

r.hXAI  1  s  1 

JMalh  the  alh  colnr  nuhner, 

200  ■  =  JAr.'pWYCIhXr  lfi,  lOXAV') 

If  the  alT  oolht  r.'iTher  Is  zero,  this  Indicates  tnat  ail  aim  points 
.rich  the  flrer  can  fire  at  nave  been  exaTined,  In  this  case  the 
branch  Is  taxen  ang  all  oronabU Itles  nave  eeen  found  enich  Involve 
this  flrer  firing  at  ntner  targets. 

IF  {h.v<  .nj.  0)  G'l  TO  ilOu 

iixi'Ar!  Points  to  rre  next  taroet  anlcn  can  be  nit  bv  firing  at  this 

alh  ohintC'-Av). 

I'X.’AU  =  1 

•J  f  is  the  target  number  bf  the  target  which  can  be  nit. 

300  ir  3  (TailGAI  .A”,  lOXTA-'l 

''so  indicates  alj  targets  »hlcn  -"ay  be  hit  by  firing  at  ale  point  NAw 
nave  oeen  investloaten  and  orobahuiries  of  hit  have  been  generated. 

IF  (.(T  .E),  0)  GO  TO  1000 

•irec  Is  the  recor'*  nonoer  in  the  orobablllty  data  base  of  the  record 
containing  the  proragliltv  tnat  tne  flrer(a=’)  fires  at  ale  point  naw 
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SO'I  hits  t«rg*t  f(X. 


.'ipec  3  'TxmciF-i )*  ',TA«<;s*(  jAM-i)*.^r 

Tne  Drobabllltv  of  hit  Is  store-J  In  PTh. 

RSAD  (2*NPFC)  PTH 
400  FOHiAT  (no. 7) 

•1.  Is  used  as  a  special  flag  aihlch  Indicates  that  the  probability 
of  hit  has  not  seen  calculated  previously.  If  PTH  Is  not  equal  to 
-1.  It  la  assumed  t^at  It  contains  the  correct  probability  of  nit. 

IP  (PTH  .  .f.  -1.0)  GL!  TO  <»00 

Locate  tne  Index  of  the  target  -<nich  *ay  be  hit  In  the  numtar  array. 

If  tne  taroet  could  not  oe  found,  an  error  nas  occured  In  the  Input 
data  and  an  error  Tessace  Is  printed. 

00  500  I  3  1,  HTAR5 

IP  (,ii“iAB(IJ  .tO.  HT)  GO  r-i  600 
500  COOTHUe 

TVPP  *,  '  TAHGKT:  it,  '  CO'ILO  dOT  HE  LOCATED.' 

GCi  TO  2d00 

•iV  Is  redefined  as  the  Index  of  tne  target  «hlch  may  be  hit. 

600  M  3  I 

Locate  the  index  of  tne  al<r  point  In  the  'JOUAiaP  array.  If  the  Index 
could  not  bs  found,  an  error  message  1$  printed  Indicating  an  error  In 
Input  oata  nas  neen  detected. 

00  TOO  J  3.  1  ,  •lAl-'S 

If  f  iufAi'PCjj  .e-5.  •»'*)  GO  r.)  doo 

700  O'fTl.UE 

IVPE  ♦,  '4H  POINT  ri'M,  '  COULh  NOT  rE  FOUND.' 

GO  TO  2300 

(iAH  Is  redefined  as  the  Index  of  tne  aln  point  In  the  NUHAIMP  array. 

300  ,A-  s  J 

GFTPTH  Is  called  to  obtain  the  orooaolllty  that  flrer  NF  fires  at  aim 
oolht  .10  iAl 'PlUAM)  and  hits  target  nuxtarcmT)  . 

CALL  GErprd 

store  the  Probability  of  nit  Into  the  data  base. 
eHITE  (2'.1REC)  PTH 

Store  the  procaMllty  of  hit  into  the  PTARHTT  array  for  use  by  the 
main  program. 
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900  PTA9HtT(  lOXFIP,  lOXAH,  lOXTAH)  s  PTrt 

Toe  Index  to  the  next  t^net  <fhtcn  nay  be  hit  by  firing  at  this  aim 
oolnt  Is  Incremented, 

lOXfA^  a  IOXTAP+1 

If  the  Index  noos  rot  exceed  the  maximum  number  of  targets  which  may 
be  hit  by  firing  et  a  given  aim  point,  branch  to  determine  orobablllty 
tear  tnls  target  Is  nit. 

IF  CIOXTAR  .LK.  ‘‘THtTTA)  GQ  TO  300 

Increment  Index  pointing  to  next  aim  oolnt  which  flrer  may  choose  to 
fire  at,  probabilities  of  hit  nave  oeen  determined  for  all  targets 
which  nay  nave  bemn  hit  oy  firing  at  the  orevlous  aim  point. 

lOCO  [i  XAt  ’  =  rOXAIMtl 

If  the  nunber  of  aim  oolnts  examined  Is  less  than  or  equal  to  the  max- 
Imiim  ngmijaj  bolnts  allowed,  branch  to  obtain  orobabllltles  of 

hit  for  all  targets  associated  with  the  next  aim  oolnt,  otherwise  all 
aim  oolnts  have  oeen  examined  and  prooaMllltles  of  nit  nave  been  de¬ 
termine  i  for  ail  taroets  which  the  flrer  may  hit. 

If  (IlXAIn  .Lf.  hAI  'PPf)  GO  TO  200 

Tn#  following  section  insures  that  orobabllltles  of  hit  nave  been 
found  for  all  flrers  ,nlcn  can  hit  this  target,  where  'this  target' 
refers  to  tne  taroet  underoolho  tne  status  change. 

save  tne  Index  of  this  taroet. 

UOh  ti/xfsv  a  roxfiR 

ihXfiH  is  used  to  Ihdox  the  next  flrer  which  can  hit  the  status  change 
ter  let . 

MX  SIR  =  1 

It  the  'wacph  type  of  this  flrer  Is  0,  this  target  cannot  fire,  hence 
It  Is  ignored  oecmise  it  cannot  nit  the  status  cnange  taroet, 

1200  if  Ci  vTlPflirXflR)  .Ej.  0)  GO  TO  2503 

Ootalh  the  flrer  numoer  for  tne  flrer  indexed  oy  IDXfIR. 

>.'f  a  lU-ITARdOKf  IR) 

I'jnore  examination  of  tne  taroet  which  did  contain  the  old  information 
before  this  status  chano*  »as  performed. 

If  (Nf  .EQ,  efOLO)  GO  10  2500 

Search  through  all  of  tne  targets  which  may  oe  collaterally  damaged  by 


1300 


1400 


15  00 


1600 


nlttlog  toe  terget  oolntei  to  by  TDXFIR,  Make  sure  that  If  the  status 
coangs  target  Is  one  of  the  targets  *hlen  T^ay  be  collaterally  damaged, 
trie  orobaolllty  of  hit  has  been  calculated. 

UO  1300  1*1,  micolaT 

Obtain  the  In-rex  of  the  next  collaterally  damaged  target. 

NIC  =  NTCntiAlCIOXFlR,  1) 

If  all  collaterally  osmaged  targets  have  oeen  checked,  branch. 

IF  CNTC  .»CQ.  0)  on  TO  1400 

Ignore  examination  of  tne  target  which  did  contain  the  old  Infor¬ 
mation  before  this  status  change  was  oerformed. 

I"  (MfC  .'E.  'FOLJ)  GO  TO  1300 

Store  trie  new  status  change  target  numoer  In  place  of  old  target 
number  In  collaterally  dawaned  target  array. 

\rCOLAT(inXFlR,  II  = 

c’jNri  -lue 

mis  section  Insures  tnat  If  this  flrer  should  fire  at  an  aim  point  and 
and  hit  the  status  enange  taroet,  that  the  orohablllty  that  the  status 
Change  target  Is  nit  nas  seen  computed  previously. 

rmii''  1$  Iniclaiiv  sat  tg  t,  onlntlno  to  the  first  aim  point  wnlch  may 
be  'lit  oy  this  flrer. 

lOXAtM  *  1 

Obtain  the  al"  point  nunber. 

-,4,11  s  NAIWPRYI  lOXFI®,  i:'XAIW) 

If  the  am  point  Index  Is  zero,  all  aim  points  which  this  flrer  may 
select  naye  been  exonln-'d, 

IF  (  (Ad  .FO.  h)  GO  ro  25no 

Pne  Index  to  tne  nuroer  of  targets ( IDXTAR )  wnlch  -.av  be  hit  by  firing 
at  the  current  aim  oolntCifAMj  is  Initially  set  to  1. 

lOXTAR  a  1 

me  target  nu'iber  of  tne  next  target  which  may  be  hit  Is  obtained. 

«IT  *  STHITGAChAX,  lOXTAR) 

The  brancn  is  taken  after  all  targets  which  may  be  hit  by  firing  at 
this  aim  Dolnt  nave  been  examined. 
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ociolicicifj  ootiiJ  ficjcjfj  Oiiei  c>t>f>c>ii  ticiiiri  fititJ 


IF  (NT  .El.  0)  GO  TO  2400 


If  tols  firoct  nuno»r  does  not  match  either  the  old  taroer  numoer  or 
tne  ne<i  status  cnsnoe  tsmet  numoer,  then  branch,  We  are  only  Inter¬ 
ested  In  verifying  orobaollltles  of  hit  associated  with  these  target 
nui.iners  and  cnanglno  tne  old  taroet  number  to  tne  new  target  status 
Change  number. 

If  (»T  .SE.  hFQLO  .ANh.  NT  .NE.  ■ifVS4l)  GO  TO  2JOO 

■"dke  sure  tne  new  taroet  status  change  number  reoiaces  the  old  target 
number  In  the  nthitga  array. 

vruiTGACVAV,  IOXTAR)  =  NF?-*e* 

Oetermlne  the  record  number  of  the  record  containing  the  probability 
that  tnls  new  status  cnanoe  target  Is  nit. 

.xtc  =  4rMA*(..c-n  +  '‘rAFf:s*( -A  »-i 

Read  the  nrobaelUtv  that  flrer  -if  fires  at  aim  point  NAM  and  hits 
tne  new  status  cnanie  taroet  ■.F-.EW. 

k-:ao  (2''ikec)  fth 

1700  F  )«  'Af  (FIO.7) 

RTanch  if  the  Drobaslllty  of  nil  has  been  previously  determined. 

IF  (pra  .IF.  -i.(M  GO  ro  2200 

•lakce  sure  that  >•1  contains  the  old  target  number. 

If  (NT  .EO.  hF*!E>)  -.'T  =  -fOLO 

f'lna  the  Index  of  tne  old  target  nu-mcer  In  the  'I'jmtir  array  so  that 
the  new  status  chanje  tarnet  nu.'oer  nav  be  entered  In  place  of  tne 
old  target  number  In  tnls  array, 

LfO  1  ROU  I  =  1  ,  ■  TRRS 

IF  (•Jd^lAR(£)  .EJ.  JT)  GO  ro  1700 
1800  TI  US 

TiRF  »,  '  TARGET;  NT,  '  rP'JLO  NOT  RE  LOCATED.  ^ 

G.i  TO  2»0'J 

Set  '(T  to  tne  Index  fn  the  array  numtaR  oolntlng  to  the  old  target 
number. 

1900  ’n  s  I 

Ootaln  the  Index  of  the  aim  point  number  In  tne  N'JdAl«P  array. 

OU  2000  J  »  I,  '.Al'S 

If  INUWAIwPvd)  .ea.  NAM)  GO  TO  2100 
2000  CONTI'IUE 

TYPE  ♦»  'AIV  POINT  Nd",  '  COULD  NOT  dE  FOUND.' 
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GJ  TO  2300 


Set  MAM  to  the  In^iex  of  the  ale  oolht  being  fired  at  In  the  NUMAIMP 
array. 


Reolace  the  old  target  nutter  »lth  tne  ne»  target  status  change  number 
In  tne  numtar  array. 

MUMTARCNT)  a  MfiEr 

GETt'fH  Is  called  to  Obtain  the  nes*  orobaollltv  of  hit  for  the  flrer  MF 
altimlng  at  the  aim  oolnt  Indexed  oy  mam  and  hitting  the  new  status 
change  target  Indexed  ay  mt. 

CAtL  GEIPTH 

store  tne  old  tarnst  nunoer  back  Into  the  MUMTAR  array  so  tne  original 
target  nu'^cer  will  oe  orlntel  in  tne  sl'^ulatlon  outout.  This  statement 
Should  oe  removed  <nen  orocesslng  more  than  douole  level  target  sub- 
stltutlonde  -  When  one  target  assumes  more  than  two  oosltlons  during 
the  simulation. 

N!.'MTAR(dT)  =  MFOtO 

Store  the  ne»lv  obtained  orobabllltv  of  hit  Into  the  probability  data 
oose  and  ufARMir  arrays. 

'SITE  Ca'-PECJ  PTH 

PTAPHITdOXFIR,  ItiXAlv,  lOXTAR)  s  PTd 

Increient  lOXTAR  to  oolnt  to  the  next  target  which  -nay  be  hit  by  firing 
at  tnls  alT  colnt. 

lOXTAR  a  lOXTAP+1 

If  lOXTAR  Is  less  than  or  eduai  to  the  next  target  which  may  he  hit  by 
firing  at  tnls  alh,  colnt  oranch  to  checx  if  tnls  target  number  matches 
eltner  tne  oli  target  numoer  or  tne  new  status  cnange  target  number. 

If  lOXTAR  Is  nreater  tnap  tne  Taxlmum  number  of  taroets  wnich  mav  be 
nit,  all  taroets  associated  wltn  this  elm  point  have  been  checked. 

IF  (I9XTAR  .LE.  WHITGA)  GO  TO  1S00 

Increment  inxAIM  to  oolnt  to  the  next  elm  point  which  mav  be  selected 
by  this  flrer. 

IhXAlM  s  lOXAIMfl 

If  tne  numoer  of  aim  oolnts  examined  Is  lest  than  or  equal  to  the  max¬ 
imum  numoer  of  aim  oolnts  «nlcn  may  oe  selected, . branch  to  orocess  all 
targets  which  may  oe  hit  by  firing  at  tne  next  aim  oolnt.  It  not,  all 
elm  oolnts  have  oeen  examined  for  this  flrer. 


155 


1 


I'-  (IDXAI-  .L'".  ‘'ii'PBY)  50  TO  1500 

Increnerit  t'le  nuiTner  of  flrers  nnfilco  nave  oeen  looKed  at. 

2500  lOXBIR  =  T0:<FI«»1 

Tf  tns  nunoer  of  flrers  Is  less  tna.i  or  eiual  to  tne  total  nutrber  of 
targets  In  tne  simulation,  orancfi  and  cnec<  to  see  *nether  the  next 
flrer  coul'l  nit  tne  ne«  status  cnange  taroet.  If  not,  all  oosslble 
flrers  nave  been  exatilned  and  orooabllltles  of  another  flrer  hlttlni 
tne  nex  status  cnanoe  tamer  nave  oeen  correctlyv  Obtained  In  the 
orooanlllty  data  base. 

IF  (inXFia  .oe.  MAPS)  GO  TO  1200 

/aKe  sure  that  all  old  tarjet  nunbers  have  oeen  replaced  xltn  the  new 
taroet  status  cnanoe  number  In  tne  array  eontalnlno  tarnets  which  may 
be  hit  ov  flrlnn  at  a  olven  alT  oolnt,  ^THirGA.  Tnts  Is  necessary 
since  the  flrars  examined  in  the  aoove  section  may  not  fire  at  all 
aim  oblhts  In  tne  array  and  tnus  tne  taroet  numoers  associated  with 
these  alii  onints  nave  not  been  cnecKed. 

Loop  for  all  oosslble  atm  oolnts. 

0'^  2700  1  =  1,  '^AMS 

Looo  for  all  oosslDle  tarnets  which  may  oe  hit  by  flrlno  at  aim 
colot  Inoexed  oy  I. 

O')  2S00  J  =  I,  n.-ntGA 

Obtain  the  tamet  number  In  .JT. 

>.'1  a  UTHITGACI,  J) 

If  all  taraets  wnlcn  could  oe  hit  cy  flrlno  at  this  aim  point 
have  bewen  Chec><el,  branch  to  examine  next  aim  oolnt. 

If  l.iT  .£h.  0)  GO  TP  2700 

If  tne  tercet  numoer  Is  not  eaual  to  tne  old  taroet  number, 
branch  and  obtain  the  next  taroet  number  associated  with  this 
aim  oolnt. 

If  (df  .Nv.  NFOLO)  GO  TO  2b00 

Store  the  new  status  change  taroet  number  In  place  of  tne  old 
tamet  numo»r. 


NTdITGACI,  J)  s  hFuFW 
2600  C.7NTIivfj!C 

2700  COhTIdUF 

Store  the  new  status  cnanue  target  number  In  Place  of  the  old  target 
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ci  Cl  r»  o  ri  ri 


nM'i'jer  In  tn*  array, 

^  i'A*^  {  lOXFo*/ )  -  ''F'lh."** 

Moilfv  toe  olvi  target's  status  cnanje  time.  Indicating  that  the  status 
cnanqe  is  conolete  and  the  old  target  will  not  change  status  again 
during  the  simulation. 

SiATJ3(.M5TATC,  1  )  =  9999.0 
sirruRd 
2300  J';A9J9  a  1 

StT'IRM 
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APPENDIX  D 


9! 


GENERATION  OF  SHOT  HIT  POINT 


Several  factors  exist  which  effect  the  ability  of  a  flrer  to  hit  a 
particular  target  at  which  he  may  be  aiming.  Factors  effecting  a  flrer' s 
accuracy  may  be  jointly  combined  to  define  a  probability  distribution  function 
which  describes  the  expected  dispersion  of  shots  fired  at  a  particular  aim 
point.  Accuracy  of  each  weapon  type  modeled  by  SAS  Is  defined  by  a  radius 
(r).  The  radius  defines  a  circular  area  centered  around  the  aim  point  within 
which  one  half  of  all  shots  fired  are  expected  to  land  (refer  to  Figure  D.l). 

Each  shot  fired  at  a  particular  aim  point  can  be  conslderd  to  penetrate 
the  target  reference  plane  at  a  distance  r  from  the  aim  point  (or  origin)  at 
an  angle  0.  The  angle  0  Is  measured  from  the  horizontal  as  shown  In  Figure 
D.2.  The  assumption  Is  made  that  the  flrer  Is  equally  likely  to  miss  the  aim 
point  In  any  direction.  For  example,  referlng  to  Figure  D.2,  the  probability 
that  he  hits  above  the  aim  point  Is  equal  to  the  probability  he  hits  below  the 
aim  point.  By  assuming  the  probability  of  hit  is  equal  in  any  direction,  the 
figure  could  be  rotated  at  any  angle,  and  the  probability  of  hit  above  the  aim 
point  would  equal  the  probability  of  hit  below  the  aim  point.  This  assumption 
Implies  that  0,  the  angle  In  which  shots  are  expected  to  hit  around  the  aim 
point,  is  uniformly  distributed  over  all  possible  values  0°  to  360°. 

The  distance  from  the  aim  point  to  the  hit  point  (r)  Is  generated  by 
selecting  x  and  y  coordinates  each  from  a  Gaussian  normal  distribution  having 
mean  ft  and  standard  deviation  a.  The  density  function  of  the  normal  random 
variable  x  Is  expressed  as: 


n(x;|i,(T)-  - -  e 

yj2-n  a 

Since  the  probability  of  hit  Is  equally  likely  In  any  direction,  the  mean 
value  for  both  x  and  y  Is  zero,  and  they  will  possess  the  same  standard 
deviation.  By  assuming  that  the  coordinates  x  and  y  are  Independent,  their 
joint  density  can  be  expressed  as  the  product  of  their  Individual  densities. 
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target 


P(Target  is  hit)=  (Number  of  shots  hitting  target) 


Total  number  of  shots  fired 

2 

=  -g-  —  .33,  for  this  example. 


where, 

r  -  Defines  the  radius  of  a  circle  around  the  aim  point  within  which  one* 
half  of  all  shots  fired  are  expected  to  land . 

*  -  Denotes  a  sample  hit  point  selected  at  random. 


Figure  D.l  Illustration  of  Aim  Error 
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ORIGIN 


where, 

^  “  Distance  from  origin  to  hit  point. 

0  ~  Angle  of  hit  point  from  horisontal. 


Mi'll 


Thus , 


n(x,y;0,<T)  = 


■  f«'+  y’l 
■i-re  l'^^/ 


This  density  function  can  be  expressed  in  terms  of  polar  coordinates 
(r,0)  by  use  of  identities: 

2  2  2 

r  =  X  +  y  ,  X  =  rcos0,  y  =  rsin0,  and  dxdy  =  rdrd0 

The  density  function  in  terms  of  the  distance  r  from  the  aim  point  is 
given  as  : 


f(r)=4.«  ' 


The  density  function  f(r),  known  as  the  Raleigh  density,  is  integrated 
from  0  to  r  to  obtain  the  probability  that  a  particular  shot  will  lie  within  a 
distance  r  from  the  aim  point.  Performing  this  integration  from  0  to  r,  where 
the  value  of  r  is  the  distance  from  the  aim  point  within  which  one  half  of  all 
shots  fired  are  expected  to  land,  allows  O  to  be  expressed  as  a  function  of  r. 

P(shot  falls  within  r  of  aim  point)  =  /  f(r)  dt 

•'0 

0.6  =y*  e  dr 


a  =  r\ 


2  In  (.6) 


(T  =  0 .8493r 

Thus,  selecting  x  and  y  coordinate  values  from  a  normal  distribution 
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having  mean  /i  =*  0  and  standard  deviation  O  =  .8493r  will  Insure  that  one  half 
of  all  shots  fired  will  land  within  a  distance  r  from  the  aim  point. 

To  have  the  computer  generate  x  and  y  shot  coordinates ,  random  numbers 
and  U2  are  generated  by  a  standard  random  number  generation  algorithm.  and 

U2  are  selected  uniformly  from  the  real  Interval  [o.,  1.].  These  uniform 
random  variables  are  then  used  in  the  following  expressions  (References  1  and 
2)  to  generate  variates  which  are  normally  distributed  with  variance  a  = 
0.8493r  and  mean  //  =  0. 

x=cos(2»rU2)  v/  -1.6986rlog(Uj) 

y=sln(2»rU2)  \/-l  .6986rlog(Uj) 

The  X  and  y  coordinate  values  are  added  to  the  x  and  y  coordinate  values 
of  the  aim  point  to  position  the  shot  hit  point  relative  to  the  origin  in  the 
target  reference  plane.  The  shot  hit  point  is  then  checked  to  see  whether  or 
not  it  penetrated  the  rectangular  target  area.  If  so,  a  hit  is  registered. 

If  the  weapon  has  a ‘non-zero  lethal  kill  radius,  the  distance  between  the 
impact  point  (hit  point)  of  the  weapon  round  within  the  target  reference  plane 
and  each  corner  of  the  rectangular  target  area  is  calculated.  If  the  distance 
between  the  hit  point  and  any  target  area  corner  is  less  than  the  weapon's 
maximum  lethal  radius,  a  hit  is  registered. 


163 


DISTRIBUTION  LIST 


DEPARTMENT  OF  DEFENSE 

Defense  Intelligence  Agency 

ATTN:  RTS-2C,  Tech  Svcs  &  Spt 
ATTN:  DT-1 

Defense  Nuclear  Agency 
ATTN:  NASD 
4  cy  ATTN:  TITL 

Defense  Technical  Information  Center 
12  cy  ATTN:  DD 

Field  Conmand 
Defense  Nuclear  Agency 

ATTN:  FCTT,  G.  Ganong 
ATTN:  FCTT,  W.  Summa 

Field  Command 
Defense  Nuclear  Agency 
Livermore  Branch 
ATTN:  FCPRL 

Field  Conmand 
Defense  Nuclear  Agency 
Los  Alamos  Branch 

ATTN:  MS-635,  FCPRA 

DEPARTMENT  OF  THE  ARMY 

Harry  Diamond  Laboratories 
Department  of  the  Army 

ATTN:  DELHD-TD,  W.  Carter 

ATTN:  DELHO-NW-RA 

ATTN:  DELHD-NW-P,  F.  Balicki 


DEPARTMENT  OF  THE  AIR  FORCE 
Headquarters 

Air  Force  Systems  Command 
ATTN:  Maj  B.  Mills 

Air  Force  Weapons  Laboratory 
Air  Force  Systems  Command 


ATTN: 

SUL 

ATTN: 

NSSB 

ATTN: 

AFWL  SA 

ATTN : 

NTN 

Air  University  Library 

Department  of  the  Air  Force 
ATTN:  AUL-LSE 

Assistant  Chief  of  Staff 

Studies  &  Analyses 

Department  of  the  Air  Force 

ATTN:  AF/SAMI,  Tech  Info  Div 

DEPARTMENT  OF  ENERGY  CONTRACTORS 

Lawrence  Livermore  National  Lab 
ATTN:  L-9,  D.  Blumenthal 
ATTN:  L-21,  M.  Gustavson 
ATTN:  L-9,  R.  Barker 

Los  Alamos  National  Laboratory 
ATTN:  G.  Best 

Sandia  National  Lab 

ATTN:  5612,  0.  Keizur 
ATTN:  5613,  R.  Stratton 


U.S.  Army  Nuclear  &  Chemical  Agency 
ATTN:  Library 
ATTN:  MONA-OPS,  LTC  Brent 
ATTN:  Library  for  MONA-ZB 
ATTN:  Library  for  MONA-SAL 

U.S.  Army  TRADOC  Sys  Analysis  Actvy 
ATTN:  ATAA-TOC,  J.  Hesse 


DEPARTMENT  OF  DEFENSE  CONTRACTORS 

Advanced  Research  &  Applications  Corp 
ATTN:  R.  Armi stead 

AVCO  Research  &  Systems  Group 
ATTN:  J.  Gilmore 
ATTN:  G.  Grant 


U.S.  Army  Training  and  Doctrine  Comd 
ATTN:  ATOO-NCO 
ATTN:  ATCD-NN 

USAHICOH 

Department  of  the  Array 

ATTN:  DRSMI-YDR  Foreign  Intelligence  Office 
ATTN:  DRCPM-PE,  Pershing  Proj  Mgr 
ATTN:  DRSMI-SF 

DEPARTMENT  OF  THE  NAVY 


Battelle  Memorial  Institute 
ATTN:  D.  Hatiman 

BDM  Corp 

ATTN:  J.  Braddock 
BDM  Corp 

ATTN:  T.  McWilliams 

Computer  Sciences  Corp 

ATTN:  F.  Eisenbarth 


Naval  Ocean  Systems  Center  General  Research  Corp 


ATTN:  Research  Library 

ATTN: 

P.  Lowry 

ATTN: 

H.  Schroeder 

Naval  Postgraduate  School 

ATTN:  Code  1424,  Library 


* 


mm 


165 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 


Hudson  Institute,  Inc 

ATTN 

H.  Kahn 

JAYCOR 

ATTN 

E.  Alraquist 

ATTN 

R.  Sullivan 

JAYCOR 

4  cy  ATTN 

C.  Clark 

4  cy  ATTN 

J.  Humphrey 

4  cy  ATTN 

L.  Kennedy 

4  cy  ATTN 

S.  Reynolds 

Kaman  Sciences  Corp 

ATTN 

F.  Shelton 

Kaman  Tempo 

ATTN 

DASIAC 

Lockheed-Cal ifornia  Co 

ATTN 

G.  Busch 

Mission  Research  Corp 

ATTN 

Tech  Library 

Pacific-Sierra  Research  Corp 

ATTN 

H.  Brode,  Chairman 

R  4  D  Associates 

ATTN 

S.  Cohen 

ATTN 

A.  Lynn 

ATTN 

P.  Haas 

S-CU8E0 

ATTN 

K.  Pyatt 

DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Rand  Corp 

ATTN:  W.  Jones 
ATTN:  Library 

Santa  Fe  Corp 

ATTN:  0.  Paolucci 

Science  Appl ications,  Inc 
ATTN:  M.  Drake 
ATTN:  J.  Martin 

Science  Applications,  Inc 
ATTN:  W.  Lay son 

SRI  International 

ATTN;  0.  Elliott 
ATTN:  P.  Dolan 

SRI  International 

ATTN:  R.  Foster 

Tetra'Tech,  Inc 

ATTN:  F.  Bothwell 

TRW  Electronics  &  Defense  Sector 
ATTN:  N.  Lipner 

TRW  Electronics  &  Defense  Sector 
ATTN:  P.  Dai 

Vector  Research,  Inc 
ATTN:  S.  Bonder 


166 


